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MR. MANN'S PREFACE. 

The appewranoe of my nsme on the title page of this Arithme- 
tic, requires me to state the extent of my connection with iti 
authorship, and of my responsibility for its execution. 

Belieying the idea of the work to be original, I will attempt its 
elucidation. In seeking for the elements or materials of its ques- 
tions, it proposes to take a survey of all the yocations of life, of 
all tiie facts of knowledge, and of all the truths of science, and to I 
make a selection from each department of whatever may be most 
interesting and yaluable. It does not confine itself to the play- 
things of the nursery, or to the commodities of the market place, 
and to the money they will cost, or make, or lose. On the contrary, 
the present work proposes to carry the student over the wide ex- 
panse of domestic and social employments ; to introduce him to 
the yarious departments of human knowledge so far as that knowl* 
edge has been condensed into tables, or exhibited in arithmetical 
summaries, and to make him acquainted with many of the most 
wonderful results which mathematical science has reyealed. In- 
stead of groping along the mole-path of an irksome routine, with 
little other change tiian from dollars and cents, to pounds and 
pence, or some other familiar currency, and with little other vari- 
ety than from cloth to com, or some other common-place commod- 
ity, it deriyes its examples from biography, geography, chronol- 
ogy, and history ; firom educational, financial, commercial, and 
civil statistics ; from the laws of light and electricity, of sound 
and motion, of chemistry and astronomy, and others of the exact 
sciences. Trades, handicrafts, and whatever pertains to the use- 
ful arts, so far as they are the subject of numerical statement, 
and their facts possess arithmetical relations, together with all 
the ascertained and determinate results of economical or political 
knowledge, and of scientific discoveries, are laid under contribu- 
tion, and are made to supply appropriate elements for the ques- 
tions on which the youthfid learner may exercise his arithmetical 
faculties. 

(iii) 
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iv MB. mann's preface. 

In tliis way, and without departing from the most rigid rules 
on wliich an arithmetical text-book should be constructed, I haye 
supposed that a work maj be prepared which shall exemplify in 
the best manner the science of numbers, and be full of useful 
knowledge also; and which, while it exercises the student's powers 
of calculation, shall enlarge his acquaintance with the yaried 
business of the world, and with many of the most interesting 
results of applied science. 

In a uniyerse like this, where eyery star has been weighed in a 
mathematical balance, and all inter-stellar spaces haye been 
measured by a mathematical line ; where the orbits of all the 
planets haye been traced as by a compass, and their yelocities 
graduated to their distances by an unchanging law ; where not 
only wind and tide, but eyery particle of dust in a hurricane, and 
eyery drop of water in a cataract, know their exact places by an 
infallible rule ; where the gravitation of matter, the radiation of 
heat, and the diffusion of light, at all times and instantaneously, 
adjust their force to their distance with unerring precision; 
where eyery chemical combination is formed on some fixed prin- 
ciple of proportion, and the atoms of eyery crystal arrange 
themselyes around their nucleus in geometric lines ; and where, 
whatever other contemplations or yolitions occupy the Infinite 
Mind, it is still true, as was said by the old Greek philosopher, 
that "God geometrizes;" — I say, in such a uniyerse, built, 
weighed, measured, compounded, and arranged on mathematical 
principles, why should not the arithmetical exercises of those 
minds which haye entered it, \o dwell in it foreyer, embrace 
something more than the market price of commodities, the gain 
or loss in trade, and the interest and discount of banks ? 

Why, for instance, cannot a child be taught to count the bones 
in his hands, as well as the nuts in his pocket ; to add together 
the number of bones in all the different parts of his body, or to 
subtract the number of those contained in his head or in his 
hands, from the number of those contained in his feet, as well as 
to add or subtract the number of apples or of cakes in the pos- 
session of James, John, and Joe ; and why can he not, by such 
exercises, be led to enrich his mind with anatomical or physio- 
logical facts, instead of stimulating his imagination with the 
proyocatiyes of appetite ? Why cannot a child add together thft 
population of the different States of this Union, or of the differeni 
nations of Europe or of the world, and thus learn the sum of 
the population of the whole earth and of its parts, as well as to 
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add naked columns of abstrsct figures ? In addition, sabtrmotiony 
mnltiplioation, and diyision, wlij cannot the pupil use examples 
whose elements or data are drawn from the distance between 
different historical epochs, from the ages of distingpiished men, 
from the date of one discoyery or invention to that of another 
discovery or invention, or from the rise to the fall of dynasties, 
or from a comparison of the heights of different mountains, or 
the lengths of different rivers, or of degrees of longitude on 
different parallels of ;latitude, or the distance from city to oily 
by land, or from port to port by sea ; and thus live in the per* 
petui^ presence and company of most importimt truths pertaining 
to history, chronology, biography, and geography, and so fa- . 
miliarize himself with these classes of facts, without devoting 
special time or effort to their acquisition, just as he becomes 
familiar with the faces and the namesrof his school-fellows and 
his townsmen, merely because he has always lived amongst them? 
If the arithmetical exercises of the pupil direct his attention 
almost exclusively to the shop of the reti^iler or the countingh 
room of the merchant, then he does not enjoy even a pedlar'a 
opportunity to become acquainted with men, events, times^ 
places, and things, — ^with the great results of business and of> 
civilization, as they now exist in the world. Instead of wearying^ 
the learner with endless reiterations about bales, boxes, barrels, 
and bushels, or dollars, dimes, cents, and mills, why not open 
before him some of the vast storehouses of truth, and display 
some specimens of their endless variety and beauty? Let the 
teacher, taking the learner by the hand, follow the farmer, th< 
craftsman, the architect, the manufactuser, the road-maker, th< 
mill-wright, the ship-wright, the watch-maker, and the long cata^ 
logue of others who are employed in the mechanic arts, or othet 
branches of useful industry; or, rising into the sphere of the 
educated or professional laborer, let him observe the optician, the 
electrician, the mathematical instrument maker, the astronomical 
observer, the telegraph operator, and borrow from them all some 
of the curious facts pertaining to their respective arts and pro- 
fessions, and convert them into the pleasing and instructive 
elements of arithmetical problems. I can conceive of a work so 
replete with the facts of technology and science, that it shall be 
examined with interest and profit by any one who is only seeking 
after valuable information, and which, at the same time, shall 
be perfectly adapted to the mere student who only seeks after the 
best means of arithmetical practice. 



Vi MB. MANN'S preface. 

AnuHig the adrantages of saeh a work as is here proposed, th« 
two following seem to me unquestionable: 

1 . The pupil, while studjdng Arithmetic for its own sake, will 
acquire some knowledge of many other things. Cicero observes 
that the face of a man will be tinged by the sun, for whatever 
purpose he may walk abroad. So, by daily familiarity, the mind 
of the student will be replenished with useful facts, and imbued with 
a scientific spirit, although the acquisition of the facts and th« 
spirit be not the direct object of his study. So far as the examples 
of his text-book have been drawn from the actual business of life, 
as it goes on around him, the learner cannot but see that his 
studies have a practical bearing and are connected with obvious 
realities. A great number of facts, such as dates, sums, quan- 
tities, distances, will be impressed on his mind ; and thus a species 
of most valuable knowledge, which, as we all know, it is most 
difl&cult to acquire in after-life, will be gratuitously bestowed upon 
him. Doubtless great differences will exist among pupils, in re- 
gard to the amount of information they will obtain from being 
domiciled, as it were, among the determinate truths of business, 
art or science ; but even the most dull and stupid will be con- 
strained to learn something, not only of the existence of various 
sciences, and of various kinds of business, of which they would 
otherwise be forever ignorant, but also of the nature and dis- 
tinctive characteristics of those sciences or employments. All will 
be saved from great misconceptions ; and doubtless the curiosity 
of many will be awakened for further information. These advan- 
tages embrace not only an increase of positive knowledge, but an 
enlargement of the mind's scope in regard to the subjects of 
knowledge. 

It is unnecessary here to remind the observing man, how the 
understanding of any one thing, by the self-activity of the faculties, 
generates the power of understanding many other things, and 
each of these, in their turn, of many more, and so on in geometri-^ 
cal progression. The knowledge of any one truth acts as an introA 
dueer and interpreter between tu and all Us kindred truths, \ 

2. There are advantages of another kind, which appear to me 
of not inferior magnitude, though I am fully aware that the views I 
am about to present, will affect different minds very differently, 
according to their Theory of Mind. My belief is that Arithmetic, 
in iu strict and technical sense, addresses but one faculty of the 
mind, or, at most, but a very limited group of the faculties. No 
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other study pTurraed in our. sokttols is so restrieted, either in li- 
gard to the mental powers, wluch it calls into exercise, or tl« 
objects which it brings nnder their cognizance. Hence, daring 
the hours devoted to Arithmetic in car schools, most of the mental 
faculties lie dormant, or play the truant by employing themseWes 
upon forbiddrai objects. Doubtless this intense exercise of a sin- 
gle faculty, or of a limited group of faculties, and the non-exercise 
of all the rest, is one of the main reasons why Arithmetic, when 
not taught with great ability, is so often an irksome study. 
Beading and Geography, for instance, cover the widest field of 
interesting subjects, audit is impossible for any teaching to be so 
dull, or any circumstances so repulsive, as wholly to despoil them 
of their charms. If we would invest Arithmetic with omilar attrac- / 
tions, we must draw its examples from as wide and as rich a field/ 
Then will it interest new faculties, — faculties which, otherwise, il 
never addresses. All metaphysicians know, from the principles 
of their science, and all laborious students know, from their own 
experience, that nothing refreshes or re-creates a wearied faculty 
so certainly and so speedily as the genial exercise of some 
other faculty. Such exercise is more restoraUve than absolute 
quiescence. It is with the faculties of the mind as with th^ 
muscles of the body, they should have alternate exercise and rest ; 
and the most healthful and agreeable relaxation for any organs 
that is tired of exercise, is the exercise of another organ that is 
tired of repose. The footman who travels over a long and level 
road, where the same muscles are subjected to a perpetual recur- 
rence of the same strain, rejoices at the sight of a hill in the dis- 
tance ; for he prefers to put a new set of muscles to the hard 
service of carrying his body up a hill, rather than to compel the 
fatigued ones to continue their lighter task. Equally cheering 
and recuperative must the alternation be, when, after addressing 
one set of faculties with one combination of agreeable truths, we 
appeal to another set of faculties to determine certain arithmetical 
relations which exist between those truths. 

Should any teacher dissent from this doctrine, that alternate 
exercise and rest, like the ever-alternating systole and diastole of 
the heart, is the law of all our powers, both bodily and spir- 
itual; or should any pupil be found, whose senses are such per- 
fect non-conductors of truth, as to exclude all information though 
the atmosphere by which he is surrounded is saturated with it, 
still, no loss or harm would be incurred ; for the single process 
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of arithmetical training can be carried on by the aid of the 
examples contained in this book as well as by those in any other. 

Such is an outline of the present work. Since its conception 
first flashed upon my mind, I haye pondered upon it much; and 
haye conyersed respecting it with many gentlemen not only of 
great mathematical attainments, but of yaried scholarship, and 
both reflec^on and conyersation haye deepened my conyictlon of 
its yalue. 

Justice to my associate, Mr. Chasb, requires me to say a word 
in regard to the shares of responsibility and of merit which attach 
to us respectiyely as the joint authors of this work. In commu- 
nicating my plan to him, I unfolded its whole scope and purpose 
as it lay in my own mind ; I indicated the yarious sources whence 
materials for its construction might be drawn, and I haye rendered 
him some aid in the collection of those materials. The residue of 
the work, — the definitions, the rules, the statement of the ques- 
tions, and the answers, so far as answers are giyen, together with 
the arrangement of the topics, or subjects, — ^is substantially his. 
So far as there is skill in their selection, or science in their state- 
ment, or accuracy in their results, I shall gladly join with others 
in awarding the merit to him. 

HORACE MANN. 

March, 1850. 



p. E. CHASE'S PREFACE. 

Thb following work does not profess to be a mere Arithmetic of 
the ordinary stamp. It takes ground that has hitherto been 
nnocccupied, and its plan in most respects is entirely new. 

In the ** Common-School" Arithmetic the mles and principles 
that are usually taught, haye been Tery fiilly explained and illuf- 
trated, but in that work, as in all of the other similar treatises 
that are now in general use, the primary object is merely the incul- 
cation of processes, — the practical application of those processes 
being introduced only incidentally. But eyery teacher is aware 
that practical exercises, more numerous than it would be possible 
to insert in an elementary work, without rendering it of an incon- 
yenient size, are necessary in order to make a thorough arithme- 
tician. This necessity can often be but partially supplied, and 
consequently most pupils find wheneyer they enter into actiye life, 
that tiie calculations of their business, whateyer that business 
may be, are all to be learned anew, and that all the Arithmetic 
they haye studied at school is of litUe yalue, except for the expert- 
ness it may haye giyen them in the simple operations of the fun- 
damental rules. 

I haye long belieyed that a Sequel to Arithmetic, — a work not 
designed to take the place of any of the ordinary text-books, but 
absolutely requiring a familiarity with some one or more of them 
before it can be studied at all, — ^might be so prepared as to sup- 
ply the want to which I haye alluded. By giying numerous 
examples similar to those which are constantly occurring in the 
yarious walks of life, the student may be enabled to prepare him- 
self better at school, for his future employment, and by the inci- 
dental introduction of subjects of general interest, the study may 
be made pleasant, and the thoroughness which is of the first im- 
portance in eyery undertaking may be more readily secured. 

There are many difficulties connected with the selection and 
arrangement of materials for such a treatise, which may be urged 
in excuse for any deficiencies that exist in the present yolume. 
I trust, howeyer, that there will be few objections brought 

(«) 
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ftg^Dst tlie eieonUon of our nndertaUng, for wUoh th« book 

itself does not afford a recnedj. Any fanlt of ammgenieiit may 
be easily corrected, by taking ap lie chapters in a different 
order from the one I have adopted ; any redundaocy of exam- 
ples may be avoided, by oiqitting Eucb portioaa as appear of tbe 
loaat importance ; any def cieocy may be supplied, by framing 
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ARITHMETIC. 



I. SYMBOLS. 



!• The following characters^ or symbols^ are frequently 
employed in Arithmetic to represent the operations that are 
to be performed upon quantities : 

The sign + (plus or and) shows that the numbers be- 
tween which it is placed^ are to be added together. Ex. : 
5+6; 3+10+27. 

The sign — (minus or less) shows that the quantity 
which follows it, is to be subtracted from the one which pre- 
cedes it. Ex. : 11—8 ; 29—16. 

The sign = (equal) shows that the quantity which fol- 
lows it, is equivalent to the quantity which precedes it. 
Ex. : 4 + 19=27—18 + 14 (read 4 jp^twr 19 equal 27 minus 
l^plusU)) 65-27+3=41. 

The sign X (times) shows that the numbers between 
which it is placed, are to be multiplied together. Ex. : 
4x15=60; 3x10=6x5. Multiplication is also some- 
times expressed by a point, thus : 4 • 15=60 ; 3 • 10=6 • 5. 

The sign -r- or : (divided hy) shows that the former of 
two quantities is to be divided by the latter. Ex. : 240 -^ 
15=16; 108 : 9=36 : 3. Division is also represented by 
placing the dividend above, and the divisor below a hori- 
zontal line. Ex. : ^ — ^ — = 14. * , 

A vinculum ^ or ^parenthesis ( ), shows that several 

(lo) 



16 SYMBOLS. [ABT. n. 



quantities are to be collected into one. Ex. : (8—4 -f 16-1-2) 

x3=36; (2xT— 11) X 3=14=^x3=3x3 =9. 

A small figure placed above any quantity, at the right 
hand, denotes a power of that quantity. Ex.: 9^ = 81; 

(1+3)3=64; ((I3r5-6|x3)-.10)« = (10 — 6x3|'-. 
10)«=(4x3-10)«=(12— 10)»=2o=32. 

The radical sign ^, prefixed to a quantity, is used to 
denote some root of that quantity. If no figure is written 
above the sign, the square root is indicated. To express the 
3d, 4th, or nth root, », -*, or », is placed at the left hand. Ex : 
v^'6="2=v'4=2; V'18+9= V27=3; V(8x3)-(7-M) 
= V24— 8=V16=2. 

3. Examples to be read and solved by the Pupil. 

1. 8-|-9-f7-3-f 6-6-11=? Am. 11. 

2. 4-2-1-6— 1+13 x'6=? 

3. 8 X '4-3-1- 6 -f 16-27=? 

4. 27x3x6+45=? ' Ann. 9. 

5. (6x8) + (42TT4xV^)--(65+5)=? 

6. (Vx\2x3:2)+(161<I2-10)=? J.n«. 206. 

7. (4xllx3)-(6T3xl44:36xV^)=? 

8. n/8+1 + 5-7 + (6x4T3)= ? 

9. V27x V64+ V24 + 8= ? 

10. ^42+22-(37+3x5)-V87+(2x3x4+10)=? 



-M- 



II. TEST QUESTIONS. 

Every pupil should be required to give written answers 
to as many of the questions in this article as he is able to 



» The pupil should be taught to say, 13 times 5, 8 tme$ 4, rather 
than 13 multiplied by 5, 8 multiplied hy 4. 
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solve. The teacher will thus understand the proficiency of 
each member of the class^ and can give such explanations 
as may be most desirable. The questions should be reviewed 
from time to time^ until they can all be answered without 
any mistakes.^ 

3. Questions on the Theory of Arithmetic. 

1 . WhfiX is Arithmetic ? What is a number ? In what different 
ways may numbers be expressed ? What are the digits, and why 
are they so called ? What different names has the character ! 
Can you give any reason for calling naught the figure of place ? 
What are the fundamental operations of Arithmetic ? What is 
given, and what is required in each ? 

2. What is Numeration ? What method of numeration is gene- 
rally adopted ? What is the peculiarity of that method ? What 
is a unit ? What is meant by the simple value of a figure ? — ^by 
the local value ? What is the difference between a place and a 
period? What names are given to the places in each period ? 
How do you read units ? — tens ? — tens and units ? — ^hundreds ? — 
hundreds, tens, and units ? Repeat the names of the first eight 
periods.** How do we read whole numbers ? Can the Arabic 
method represent numbers less than a unit ? What are such num- 
bers called ? How aire they distinguished from whole numbers t 
How do we read decimals ? 

* " A teacher ought not only to instruct his pupils, but also to inter- 
rogate them frequently, and test their proficiency.'' Quintilian. 

^ The Numeration table may be continued to any extent we please. 
The periods above Sextiliions, to Vigintiilions, are, Septillions, Octil- 
lions, Nonillions, ^ecillions, Undecillions, Duodecillions, TredeciU 
lions, Quatuordeculions, QuindecilUons, Sexdecillions, Septendecil- 
lions, Octodeciilions, Novemdecillions, Vigintiilions. The following 
ill ustratioi^ will show how difficult it is for us to form any distinct idea 
of the value of very large numbers. 

If every man, woman, and child, on the face of the globe, were to 
count at the rate of four every second, without ceasing day or night, 
the whole amount of all that they could count in 5000 yearst would be 
less than one sextillion. 

If the sun, all the planets, and all the fixed stars that are visible 
through the most powerful telescope, were reduced to a powder so fine 
that 100000 grains would be less in bulk than a drop of water, and if one 
of these grains were destroyed in every million years, the whole visible 
universe would probably be annihilated in less than one vigintUlion yean. 

2 
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8. What is the effect of removing a figure two places to the 
left ? — two places to the right ? — one period to the left ? — ^to the 
right ? — two periods to the left ? — to the right ? What is meant 
by Notation ? How do you write whole numbers ? In writing 
five sextillion, thirty billion, and seven thousand, what would you 
place in each period ? If you were to omit the naughts in any 
one period, what effect would it have on all the figures above it ? 
How do you write decimals ? How would you make 5702 represent 
hundredths ? — inillionths ? — thousands ? — thousandths ? What is 
the effect of placing naughts at the right hand of decimals ? — at 
the left hand ? — at the right hand of integers ?* — at the left 
hand ? What is the value of tens multiplied by thousands ? — 
hundreds by hundreds ? — ten- thousands by tens ? — hundred-thou- 
sands by hundreds ? — tens by hundreds ? — thousands by thousands ? 
— tenths by tens ? — thousandths by hundreds ? — thousandths by 
hundredths ? — thousands by hundredths ? — ^millions by millionths ? 
— How would you represent 9000 by adopting 9 for the base of 
the numerical system ? — ^by adopting 5 for the base ? 

4. What is Federal Money ? How may it be written ? What is 
the probable origin of the sign that is usually prefixed to dollars ? 
How may dollars be reduced to cents ^ — to mills? How may 
cents be reduced to dollars ? — to mills ? How may mills be reduced 
to cents ? — to dollars ? If there are decimals below mills, how 
may they be read ? 

5. Since removing the decimal point in any number changes the 
place of each figure, what is the effect of removing the decimal 
point two places to the left ? — to the right ? — three places to the 
left ? — to the right ? — seven places to the left ? — to the right ? 
Then how can you most readily find 10, 100, 6r 1000 times any 
number? — .1, .01, .001, or .0001 of any numbefi? 

6. What is Addition ? What sign is used to denote addition ? 
What is the sign of equality ? How do you arrange numbers that 
are to be added together ? Where do you commence the addition ? 
What do you do with the sum of each column? Why do you not 
always place the whole sum of a column underneath the column ? 
How do you find whether your answer is correct ? Can any one of 
a series of numbers, be greater than the sum of the whole series ? 
How can you prove addition by casting out 98 ? 

7. What is Subtraction ? What is the remainder ? — the sub- 
trahend ? — the minuend ? What is the signification of the termi- 

* An integer is a whole number : as ««jen, forty-nine. 
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nation nd in many arithmetical terms ? If you add the difference 
of two numbers to the less number, -what will you obtain T If 
yon take the difference from the greater number, what will yon 
obtain? How do you find the minuend, if the remainder and 
subtrahend are given? — ^the subtrahend, if the remainder and 
minuend are given ? What is the sign of subtraction ? Of what 
operation is subtraction the opposite ? How do you write numbers 
in subtraction ? Where do you begin to subtract ? If any figure 
is greater than the one above it, what may be done ? Explain 
the reason of this. What may be done when the subtrahend has 
more decimal places than the minuend ? How do you prove sub- 
traction ? In finding the difference between two numbers, which 
must be the minuend ? How can you tell which is the larger 
number ? Can you think of any method of proving addition by 
subtraction ? How can you prove subtraction by casting out 98 ? 

8. What is Multiplication ? Of what is it an abbreviation ? 
What is meant by the multiplicand ? — the product ? — ^the multi- 
plier ? — the factors ? — a composite number ? Name some compo- 
site numbers. What is the sign of multiplication? Can the 
multiplier and multiplicand exchange places ? Give an illustration 
in proof of your answer. How do you multiply by a single figure ? 
How may you multiply by a composite number ? How do you 
proceed when the multiplier consists of a number of figures? 
How many decimals must there be in the product ? What do you 
do if there are not decimals enough ? What may be done, if 
there are naughts at the right hand of either factor ? How can 
you most readily multiply by 10, 100, 1000, &c. ? Explain the 
reason for the several modes of multiplication. How do you 
prove multiplication ? What must you know before you can find 
the value of any number of things ? How can you prove multi- 
plication by casting out 9s ? • 

9. What is Division ? Of what is it an abbreviation ? What 
is meant by the dividend ? — the quotient ? — the divisor ? — the 
remainder ? Of what are the divisor and quotient factors ? What 
are the different modes of expressing division ? Give, in your 
own words, a rule for division, and explain the reason for each 
step of the process. Of what operation is division the opposite ? 
How many decimals must the quotient contain ? Why ? How do 
you find the dividend, when the divisor and quotient are given ? 
— ^the divisor, when the dividend and quotient are given ? . What 
is the difference between short and long division ? What may be 
done, if there are naughts at the right hand of the divisor f How 



20 TEST QUESTIONS ON THE [ABT. H. 

can you most readily divide by 10, 100, 1000, &c. ? How do you 
prove division ? How can you avoid frequent trials, in finding the 
true quotient figure ? When the value of any number of things 
is given, how do you find the value of one? When the value 
of a number of things is given, how can you find the number 
of things ? Can you think of any method for proving multipli- 
cation by division ? Hew can you prove division by casting out Os ? 

10. When the Sum of Two Numbers and one of the numbers are 
given, how do you find the other ? When the greater of two num- 
bers and their difference are given, how do you find the less ? 
When the less of two numbers and their difference are given, how 
do you find the greater ? When the factors are given, how do 
you find the product ? When the product and one of the factors 
are given, how do you find the other factor? When the value of 
any number of things is given, how do you find the value of any 
other number ? By which of the fundamental rules do you increase 
a number ? By which do you diminish a number ? In what cases 
would you employ addition? — subtraction? — multiplication? — 
division? What is meant by the 3d, — 7th, — 16th power of a 
number ? 

1 1 . What is a Pbime Number ? — a composite number ? Name all 
the prime numbers less than 100. How can you tell whether any 
number can be divided by 2, 5, 8, 9 ? How do you find the prime 
factors of any number? How do you determine whether any 
number is a prime ? What is meant by a multiple ? — a common 
multiple ? — ^the least common multiple ? How do we find the least 
common multiple of two or more numbers ? Show that this pro- 
cess will give the least common multiple. What is a common 
divisor? — the greatest common divisor? How do we find the 
greatest common divisor ? Why do we proceed in this manner ? 
What is cancelling ? How do you cancel ? When you have can- 
celled all the numbers in either the dividend or divisor, what must 
be put in their place ? When the divisor is a composite number, 
how may we obtain the quotient ? 

12. What are Fractions ? In how many different ways may 
they be read ? Show why each of these ways may be adopted. 
What is meant by the numerator ? — the denominator ? — ^the terms 
of a fraction ? What is shown by the numerator ? — ^by the denomi- 
nator ? How is the value of a fraction affected by increasing the 
denominator ?^the numerator ? — ^by diminishing the numerator ? 
— ^the denominator ? What is a mixed number ? How would yon 
ilnd what part 824 is of 187 ? Why? 
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18. What is Rbduction ? How do we reduce fractions to whole 
numbers? — to mixed numbers? — to decimals? Explain these 
reductions. What are proper fractions? — ^improper fractions? 
When is a fraction greater than 1 ? — ^less than 1 ?— equal to one ? 
How would you write a decimal in the form of a fraction ? Explain 
the rule for reducing whole or mixed numbers, or decimals, to 
fractions. Explain the method of reducing compqimd to simple 
fractions ; fractions to their lowest terms ; fractions to a common 
denominator; complex to simple fractions; fractions to others 
haying any given numerator or denominator. Explain the rules 
for addition, subtraction, multiplication, and diyision of fractions. 
What is meant by an integer ? — by the reciprocal of a number ? 
Take examples of your own, and form rules for finding the sum 
and the difference of two fractions, each of which has 1 for its 
numerator ; — ^for finding the sum and the difference of two frac- 
tions which have the same numerator ? 

14. What are Infinite Decimals ? What is the repetend ? How 
is it distinguished ? To what is every repetend equivalent ? Show 
that it is so. How then would you reduce any infinite decimal to 
a fraction ? How may addition and subtraction of infinite deci- 
mals be performed without reducing them to fractions ? 

16. What are Gompouni> Numbers ? Repeat the table of Federal 
Money; English Money; Troy Weight; Apothecaries* Weight; 
Avoirdupois Weight; Long Measure; Cloth Measure; Square 
Measure ; Cubic Measure ; Dry Measure ; Liquid Measure ; Cir- 
cular Measure ; Time Measure. How many shillings in a guinea ? 
How many dollars in a pound sterling? How do we find the 
area^ of a rectangular surface ? How many cubic feet make a 
foot of wood, or a cord foot ? How many cord feet in a cord ? 
How many cubic feet in a ton of round timber ? — a ton of sq|iare 
timber ? — a ton of' shipping or storage ? How do we find the solid 
contents of any rectangular solid ? 

16. For what purpose are each of the weights and measures 
used ? How many cubic inches in a half peck ? — ^in a common 
gallon ? — ^in a gallon of milk or of malt liquor ? For what pur- 
pose is the hogshead (measure) used ? How many degrees in a 
quadrant ? — ^in a sign of the zodiac ? How many days in a leap 
year ? What years are leap years ? Repeat the number of days 
in each month. In mercantile business how many days are con- 
sidered as making a month ? 

*• The number of square feet, rods, or acres, &c., in any surface, is 
called its area. 
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17. Giye, iir your own language, a rule for reducing higher 
denominations to lower ; lower denominations to higher ; for com- 
pound addition ; compound subtraction ; coifipound multiplica- 
tion ; compound division. Explain each rule. Can fractions and 
decimals be reduced by the same rules as whole numbers ? 

18. What is meant by Per Cent. ? How do we compute any re- 
quired percentage? Why? What is meant by commission? 
— insurance ? — premium ? — policy ? — underwriters ? — taxes ? — 
stocks ? — the par yalue ? — the dividend on a stock ? When is a 
stock said to be above par ? — below par ? — at a discount ? — at an 
advance? What part of the original cost is stock worth, that 
sells at 16f per cent, below par ? — at 12 J per cent, advance? — at 
a discount of 17 J per cent. ? — at 25 per cent, above par ? What 
is meant by duties ? — specific duties ? — ad valorem duties ? — draft? 
— ^tare ? — gross weight ? — net weight ? In custom-house business, 
what allowance is made for leakage and breakage? — ^for draft?' 
How do we find what per cent, is gq,ined or lost by any transaction ? 

19. What is Intebest? — simple interest? — compound interest ? 
What is the principal? — the rate? — the amount? Give, in your 
own language, the General Rule for Interest ; — the Bank and 
Business Rule. Show how each rule is obtained. What is a 
promissory note ? — an endorsement ? What is the usual mode of 
computing interest on notes that are settled within a year from 
their date ? What is the Legal Rule ? How do we find the amount 
of any sum at compound interest ? How do we find the compound 
interest f 

20. How do you find the bate, when the principal, interest, and 
time are given ? — the time, when the principal, interest, and rate 
are given ? — the principal, when the time, rate, and interest are 
given? — the principal, when the time, rate, and amount are given? 
Explain the reasons for each of these methods. 

21. What is Discount? — equitable discount? — ^bank discount? 
How do you find equitable discount ? — ^bank discount ? What are 
days of grace ? How many days of grace are usually allowed ? 

22. What is Analysis ? What is meant by known and unknown 
quantities ? What should we endeavor to do, in solving difiicult 
questions ? How may this usually be done ? Give a General Rule 
for analysis. 

28. What is Ratio ? How is it expressed ? How may it be indi- 
cated ? Which is the usual mode, and how is it read ? What is 
ihe antecedent? — the consequent? How do you find the ratio 
between different denominations ? 
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24. What do you understand by Rxduotion of Ourbencies ? Do 
the people of the United States ever have occasion to make such 
a reduction ? Why ? Name the currencies in common use. How 
may each be reduced to Federal Money? How may Federal 
Money be reduced to each currency ? How do you reduce English 
Money to Federal Money, including the premium of exchange? 
Federal Money to English Money ? Giye your reasons. What is 
the cause of the premium ? 

25. What do you understand by Practice ? Repeat the table of 
parts of a dollar. Give some examples illustrating the use of 
the table. What is meant by given terms ? — by terms of demand ? 
Give the rule for complex analysis, and illustrate it by an example 
of your own. 

26. What are Duodecijials ? In what are they used ? What are 
the denominations of duodecimals ? How are they marked ? What 
are those marks called ? How do you add or subtract duodecimals ? 
How do you find the product of any two denominations ? Why ? 
Multiply 4 7' 10" by 3" 5'". How do you find the quotient of any 
two denominations ? Why ? Divide 8' T 6'" 10"" 4""' by 2' 8" 4'". 

27. What is a Proportion ? How is it usually written, and how^ 
read ? In what other ways may it be written ? Why ? What are 
the extremes of a proportion ? — the means ? Prove that the pro- 
duct of the extremes is equal to the product of the means. K 
any three terms of a proportion are given, how may the other be 
found ? Which term usually represents the unknowii term ? How 
do you find the fourth term ? What class of questions may be 
stated in the form of a proportion ?. How would you arrange the 
first and second terms, if you wished the fourth term to represent 
the multiplication of the third term by a ratio ? — the division of 
the third term by a ratio ? What do you understand by direct, 
and by inverse ratio ? 

28. What is placed as the Third Term in a proportion ? State the 
rule for simple proportion. What is this rule sometimes called ? 
Is the value of the third term ever affected by more than one 
ratio? Illustrate your answer by an example, and state that 
example in the form of a compound proportion. Why do you 
invert the several ratios by which the third term is to be multi- 
plied ? State the rule for compound proportion. 

29. What is the origin of Arbitration op Exchange ? Give an 
example. In what different ways may arbitration be effected ? 
Which is the usual method ? Bepeat the Chain Rule. 
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80. What is Fellowship ? How toay it be solved by Proportion ? 
What is Compound Fellowship ? Give the rule. Explain examples 
of your own, both by analysis and by proportion, in Simple and 
Compound Fellowship. 

81. What is meant by Ateraqe ? Give an example. How do you 
find the average of a series of quantities? What is Alligation? 
— alligation alternate ? What is the rule for alligation medial ? 
What is Equation of Payments ? How does it differ from alli- 
gation medial? Give the rule. On what supposition is this 
rule founded ? What is done with fractions of a day ? Give the 
rule for alligation alternate. Explain the rule by an example of 
your own. 

82. What is Involution ? What is the first power of a number? 
— ^the second power? — the fifth power? — the eleventh power? 
What is the exponent? What is the second power often called, 
and why ?— the third power ? 

38. What is Evolution? What is the root of a number? 
What is the radical sign, and how is it used ? What is the square 
root ? How may we determine the number of figures that the 
square root will contain? Explain the method by which the 
square root is found, by multiplying 39 by 39 and extracting the 
square root of the product. What must be done when any trial 
divisor is not contained in the dividend? — when any figure 
obtained for the root proves too large ? How may approximate 
roots be obtained ? 

84. What is the Cube Root of a number ? How may we deter- 
mine the number of figures that the cube root will contain? 
Explain the method by which the cube root is found, by raising 
89 to the third power, and extracting the cube root of the result. 
What must be done when the trial divisor is not contained in the 
hundreds of the dividend? — when any figure obtained for the 
root is too large? How may approximate roots be obtained? 
How may the trial divisors, after the first, be conveniently found ? 

86. What is a Series ? — a natural series ? — an arithmetical 
series? — a geometrical series? — a harmonical series? What is 
meant by Arithmetical Progression ? What are the extremes ? — 
the means ? — ^the common difference ? Explain the rule for find- 
ing one of the extremes and the sum of all the terms ; for finding 
the xsommon difference and sum of the terms ; the number of terms 
and the sum of the terms ; the number of terms and common 
difference ; one extreme and the common difference. 

86. What is meant by Gb6metbical Proobession ? — ^by the ratio t 
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— the extremes ? — ^the means ? Explain the rule for finding the 
last term, when the first term, ratio, and number of terms are 
given ; for finding the sum of all the terms. How may compound 
interest be found by series ? — ^by the table ? How may we find by 
the table, the present worth of any sum at compound interest ?— 
the time in which any principal will amount to a given sum ?— 
the rate at which the principal will amount to a given sum in a 
given time ? 

87. What is an Amnuitt ? — an annuity certain ? — a contingent 
annuity ? — a perpetual annuity ? — an annuity in possession ? — an 
annuity in reversion ? — ^the present worth of an annuity ? How 
do you find the amount due on an annuity ? — the present worth of 
an annuity certain ? — the present worth of a perpetual annuity ? 
^the present worth of an annuity in reversion^ — an annuity, the 
present worth being given ? What does permutation show ? Ex- 
plain the rule. 

4. Practical Questions. 

All the information necessary to enable the pupil to answer 
these questions, will be found in the body of the work. 

1. How do you find the price at which goods must be sold, in 
order to gain any required amount? 2. How do you find the 
original cost, the selling price and the loss being known ? 3. How 
do you find the whole amount of an invoice, from the original 
cost and the charges upon the merchandise ? 4. How do you find 
the amount gained by^any sale ? 6. The loss upon a sale ? 6. The 
net proceeds of a sale ? 7. The balance of an account ? 8. The 
average price of several ingredients ? 9. The quantity of several 
ingredients, that will make a mixture of a given average value ? 

10. How would you determine the nupiber of feet of boards^ 
in the floor of a room ? 11. The number of bricks in the walls 
of a house? 12. ^he number of shingles or slates'* on a roof? 
13. The number of clapboards^ on a house? 14. The amount of 
painting and plastering' in a house ? 15. The quantity of timber 
in the frame of a house ? 16. The cost of glazing" a house ? 

*■ Lumber is measured by Board Measure, 1 footsy^j cub. foot. 
^ 1000 shingles, or 500 slates, are allowed to 100 square feet. 
« Give the data requisite to determine the number. 
' Painting and plastering are estimated by the square yard. 
* Glazing is estimated by the square foot. Builders usually furnish 
windows by the piece. 
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17. How would you find the amount of earth to be removed in 
excavating a cellar,^ when the surface of the ground is level ? 
18. When the surface is uneven?'' 19. The quantity of gravel" 
required for making a road ? 20. For an embankment ? 21. For 
an embankment on uneven ground, the top of the bank being level ? 
22. The quantity of stone in a wall ?<* 28. In estimating walls, 
how would you allow for comers ? 24. For windows, doors, gates, 
or other openings? 

25. How would you estimate the number of yards of carpeting 
required for covering a floor ? 26. The number of rolls of paper « 
necessary for papering a room ? 27. The quantity of canvass in 
the sails of a ship>? 28. The weight of a stone wall or pillar ? ^ 
29. The weight of iron pipes or pillars ? ' 30. The weight of lead 
pipe?' 31. The weight of a brick wall?' 82. The weight of a 
wooden bridge?' 33. The weight of wire cables?' 84. The 
weight of a ship in the water ? 

36. How many days from June 3d to August 19th ? 36. From May 
24th to September 9th ? 37. From Jan. 7th, 1848, to March 6th ? 
38. From Feb. 27th, 1859, to Nov. 11th? 89. Give the shortest 
method that you know for finding the number of days between 
any given dates. 40. If you give a note on Monday, payable in 
90 days, on what day of the week will it become due ?« 41. On 
what day would a note at 60 days become due, if given on Satur- 
day? 42. On Thursday? 48. On Tuesday? 44. On Friday? 
45. On Wednesday ? 46. A note at 80 days, given on Wednesday ? 
47. On Tuesday ?•» 48. On what day of the month would a note 
fall due, if dated June 27th, at 80 days? 49. March 9th, at 60 
days ? ' 60. Aug. 1st, at 90 days ? 51. May 18th, at 8 months ? 

* Excavations are estimated either by the cubic yard, or by the 
" square", of 216 cubic feet. 

•> In excavating uneven ground, the depth may be measured at seve- 
ral different points, and the average of all the measurements taken. 
" Gravel is estimated by the ** square" (see note * .) 
<* Stone is measured by the " perch" of 24} cubic feet. 

• A roll of paper-hangings contains 4i square yards. 
' See Table of Specific Gravities. 

8 93 days =^ 13 weeks and 2 days. The note will therefore become 
due on Wednesday. 

•» If the last day of grace falls on Sunday, or on a hpliday, the note 
must be paid on the day previous. 

« 9 and 63 are 72. Deducting 31 days for March, 41 remains. 
Deduct 30 days for April, 11 remains. The note will be due May 11. 
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62. October Slst, at 4 months?* 53. Sept. 25th, at 6 months? 
54. K the Ist of June falls on Monday, how many days' interest 
shall I lose by giving my note at 60 days, dated May 8d ? 55. How 
would you determine the distance of a cannon, or a thunder 
cloud, by observing the flash and report?** 56. Suppose the 
nearest fixed star to be suddenly destroyed, how long would its 
light continue to reach us ?<' 67. How long would it take a loco- 
motive, at the rate of 80 miles an hour, to travel the same dis- 
tance that light goes in a single second ? 68. To travel as far 
as the distance from the earth to the sun ?<* 59. How far does 
the earth move in its orbit, while a ray of light is coming from 
the sun ?• 

60. Can you tell why a difference of 15° in longitude, makes an 
hour's diflference in time ? ' 61. In latitudes where a degree of 
longitude is equivalent to 45 miles, how far must you travel to find 
10 seconds difference of time ? 62. If you travel east, will you 
find the time earlier or later than in the place from which you 
start? 63. Why? 64; When it is noon at Philadelphia, what 
time is it at New York ? 65. Boston ? 66. St. Louis ? 67. Lon- 
don? 68. Paris? 69. Washington ? 70. Portland? 71. St. Peters- 
burg? 72. Canton? 73. Astoria? 74. Suppose the chronometer 
of a vessel to be regulated by the Boston time, in what longitude 
is the vessel, if the sun passes the meridian at half-past nine by 
the chronometer ? 75. If an unbroken telegraph wire should be 
extended from Boston to Oregon City, at what time could the peo- 
ple at the latter place hear of a transaction that occurred in 
Boston at 20 minutes past 3 P. M. ?* 76, What place would the 
same news reach by telegraph, at noon of the same day ? 77. If 
your watch keeps accurate time, and is correct when you leave 



* A note for months, falling due on the Slst, is considered as due 
on the last day of the month. 

•> Sound moves at the rate of a mile in about 5 seconds. 

« The distance of the nearest fixed star is upwards of 21000000000000 
miles. Light moves at the rate of 192000 miles in a second. 

^ The mean distance of the earth from the sun, is about 95 million 
miles. 

• The circumference of the earth's orbit is about 600 million miles. 
' How many degrees does any point on the earth's surface pass over 

in a day ? 

s No perceptible time will elapse during the passage of electricity 
over the wire. 
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Boston, how would you set a watch right that is five minutes 
slower than your own when you reach Buffalo ? 

78. How would you determine the area of any piece of land, if 
you had no measure but a yard-stick ? 79. Knowing the width of 
a rectangular field, how would you find the length of a strip that 
would contain an acre ? 80. How would you estimate the area of 
a field by pacing ?^ 81. If a road 8 rods wide, runs 880 feet 
through my land, what amount of damages can I claim, the land 
being worth $150 an acre ?*> 82. The length of a certain field is 
four times the breadth, and the area is ten acres ;<' how many rods 
of wall will enclose it? 88. What must be given, in order to 
determine the altitude of a triangle ? 84. The base ? 85. The 
area ? 

86. How would you estimate the contents of a load or a pile of 
wood?* 87. Of a pile of boards?" 88. Of a pile of bricks ?' 
89. Of a stack of hay ?« 90. Of a heap of earth ? 91. Of a wall ? 
92. Name some object that you think would measure abou^ 1 foot ; — 
1 yard ; — 8 yards ; — 1 rod ; — some distance that you think about a 
furlong. 98. Draw a line about 1 inch long ; 8 inches ; 6 inches ; 
9 inches ; 1 foot ; 4 inches ; 8 inches. 94. How much do you sup- 
pose a hogshead** of water would weigh ?* 95. Ifyou should wish 
to weigh 15 pounds, but had mislaid your weights, how could you 
form an estimate with water ? 96. Give an estimate of all the di- 
mensions of the room you are in ? 

97. Suppose a note to be given for $1000, interest payable semi- 
annually, to what would it amount in 4 years, at compound inter- 
est ? 98. At simple interest ? 99. Allowing simple interest on the 

*■ A pace is estimated at 3 feet. An ordinary step is about 2i feet* 

•> $64.77. 

? The field can be divided into four squares, and the side of one of 
those squares will be the shorter side of the field. 

^ Give the answer for piles of regular and irregular shapes. 

« A cubic foot= 12 feet Board Measure. 

f 27 bricks measure 1 cubic foot. The number oif bricks required 
to build a house, may be estimated by dividing the number of cubic 
feet in the walls by .04. 

s The area of a circle may be conveniently found by squaring .8 of 
the diameter. Hay is sometimes sold in the stack, by the cubic foot. 
400 feet of trodden hay, weigh about one ton. 

^ A hogshead of measure, is intended. 

* A cubic foot of water weighs about 1000 ounces. 
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principal, and also on the interest after it becomes due ?* 100. 
Allowing compound interest when notice is given, supposing the 
debtor to be notified at the end of each year ?» 101. How wonld 
yon determine the face of a note, that would yield $1000 in 8 
years,- at simple interest ?*> 102. At compound interest ?^ 108. 
At annual interest, allowing timpU interest on the interest?^ 
104. How would you determine the face of a note to be discount- 
ed at bank, in order to obtain any required sum ?^ 

105. How many shillings are equivalent to .1 of a pound ? 106. 
To what decimal of a pound, is 1 shilling equivalent ? 107. To 
what decimal 6t a pound, are 24 farthings equivalent ? 108. Then 
how many must you add to any given number of farthings, to re- 
present their value in thousandths of a pound ? 109. Can you give 
any rule, deduced from the answers to the preceding questions, 
for reducing shillings, ^ence and farthings, to the decimal of a 
pound, by inspection ? 110. Can you reverse the process, and give 
a rule for reducing any decimal of a pound to shillings, pence and 
farthings, by inspection ? 

111. In computing interest at 6 per cent., in how many months 
will an investment gain .01 of itself? 112. In how many days will it 
gain .001 ? 118. Can you give a convenient rule for determining by 
inspection, the interest on $1 at 5 per cent., 6 per cent., and 7 per 
cent., for any given time ? 114. Give similar rules for finding the 
amount, and the present worth of $1 for any given time. 115. 
Can you think of any other abbreviations in computing interest ?^ 



* The laws of difierent states vary with regard to compound interest. 
In many places it is collected on all notes ; in some cases the note is 
renewed each year and the interest is included in the new note ; by 
the laws of some states, compound interest may be collected, provided 
notice is given when the interest becomes due ; and in some states, 
simple interest is allowed on the principal, and also on all the interest 
from the time each payment becomes due till the final settlement. 

*> After finding how much $1 would yield in the given time, how 
would you find the number of dollars required to yield the desired 
amount ? 

« The following rule will be found very convenient in computing 
interest on notes and accounts, when the rate is 6 per cent. Multiply ] 
per cent, of the principal by one-half the even number of months^ and if 
there is an odd months add 30 to the number of dayt. Divide the days by 6, 
and muHiply .001 of the principal by the quotient. If there are any r«> 
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116. If you intrust a certain sum to ,a factor, to cover the whole 
amount of his purchases and compiission, how would you find the 
amount he can lay out? 117. In selling a certain inyoice of 
merchandise at wholesale^ a discount of 15 per cent, was made 
from the retail price. The clerk, in making out the account, cal- 
culated 15 per cent, on the whole cost, and deducted it from the 
bill. Could you have told him any Readier mode of obtaining the 
result ? 

118. How would you determine the present yalue of a widow's 
dower ?* 119. The value of a pension, payable during the life of 
one or more individuals?* 120. The amount that should be 
annually contributed to secure the payment of any desired sum, 
at a person's decease ?* 121. The amount of an annual payment, 
for securing a weekly contribution during illness?*' 122. The 
amount of a legacy, sufficient to erect a bridge and provide funds 
for all the repairs that it will ever probably need ? 123. The 
amount of weekly savings necessary, to make a young man worth 
$5000 in 20 years ? 124. The amount of weekly savings necessary 
for cancelling a debt, with all the interest, in any given time ? 

125. How would you reduce Sterling to Federal Money, at 9 
per cent, premium? 126. Federal to Sterling Money, at 7} per 
cent, premium ? 127. How would you find the value of stock at a 
discount of 27 per cent. ? 128. At an advance of 18f per cent. ? 
129. How are interest and discount computed in Banks ? 130. 
How do you compute percentage on English Money ? 

131. If you have the diameter of a circle given, how would you 
find the diameter of a circle that is 16 times as large ? 132. J as 
large? 133. 2 .56 times as large ? 134. 49 times as large ? 136. If 
you know the area of a field, what would be the area of a similar 
field, each side of which is J as long ? 136. 3 times as long? 137. 7 
as long? 138. If a ball 2 inches in diameter, weighs IJ pounds, 
what would be the weight of a similar ball, 6 inches in diameter ? 
139. What would be the diameter of a similar ball that would 
weigh 96 pounds ? 140. If a tree 1 foot in diameter, yields 2 
cords of wood, how much wood is there'in a similar tree that is 8 



maining days, take as many GOths of 1 per cent. Add the products thus 
ohtaitied, and their sum will be the interest at 6 per cent. 

* All these questions are solved by estimating the probable duration 
of life. After that is determined, what remains to be done ? 

^ The average amount of sickness is supposed to be known. 
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feet 6 inches in diameter ? 141. If a hollow sphere 8 feet in dia- 
meter and 2^ inches ^ick, weighs 1 2 tons, what are the dimen- 
sions of a tsimilar sphere that weighs 824 tons ? 

142. Knowing the origini^ cost of any article, how would you 
determine the price at which it must be sold, in order to gain any 
given per cent. ? 143. How do you find the percentage gained or 
lost in any transaction ? 144. The dividend that a bankrupt can 
pay upon each dollar of his debts ? 146. The percentage of in- 
crease in the population of a place ? 146. The original cost, by 
knowing how much per cent, is gained or lost by selling at a given 
rate ? 147. The entire value, by knowing the value of any given 
percentage ? 

148. How would you determine the time at which a debt tJould be 
cancelled by a note for any particular amount? 149. The time at 
which several debts can be cancelled by a single payment ? 150 
The amount of interest due on an unsettled account, there being 
debits and credits embraced in the account ? 151. The average 
time for settling an account, in which there are charges with 
different times of credit? 152. Can you give more than one 
method for averaging, or equating an account ? 

153. Why do we begin at the left hand in division ? 154. Do 
you know of more than one mode of proof for each of the simple 
rules. 155. What is meant by the Arithmetical Complement of a 
numb.er ? 156. Can you perform a number of additions and sub- 
tractions &t a single operation, by using the Arithmetical Comple- 
ment? 157. Can you multiply by three or more figures at a 
single operation? 

158. How do you find the cost of articles sold by the hundred 
or thousand ? 159. Knowing the difference of longitude between 
, two places, how do you find their difference of time ? 160. Know- 
ing 'the difference of time, how do you find the difference of longi- 
tude ? 161. If d represents the diameter of a circle, c the circum- 
ference, and a the area, how would you find dy c and a being 
known? 162. Knowing e and dy how would you find a? 163. 
Knowing a and dy how would you find c? 164. How would you 
find the rate of insurance, knowing the premium and the amount 
insured ? 165. The amount necessary to insure, in order to cover 
the premium and expenses of collecting, in addition to the loss ? 
166. The cost and rate per cent.* of profit or loss being given, how 
would you find the amount of profit or loss ? 167. The cost given, 
how would you find the selling price to gain or lose a specified 
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rate per cent. ? 168. Cost and selling price given, how would you 
find the rate per cent, of profit or loss ? 169. Selling price and 
rate of profit or loss given, how would you find the cost ? • 170. 
From the prime cost how would you find the selling price so as to 
gain any proposed percentage, and allow a discount for ready 
money ? 

171. How would you estimate the quantity of grain in a rectan- 
gular bin? 172. In a circular bin? 173. In a pile against the 
side of a building? 174. In a pile in the comer of a building? 
175. How would you find, the true weight, by a pair of false 
scales ? 176. How would you find the value of any estate, know- 
ing its annual rent? 177. Knowing the cost, rent, and annual 
outlay for taxes and repairs, how would you find the rate of 
interest that any estate yields? 178. How would you find what 
quantity of stock may be' purchased for any given sum, allowing 
for brokerage? 179. How would you find the rate of interest 
gained by money invested in stocks at any given price ? 180. How 
would you find what sum must be laid out in any kind of stock to 
produce a given annual income ? 

181. What must be given, and in what manner would you pro- 
ceed, to determine the area of a rectangular field ? 182. To deter- 
mine either side ? 188. To find either side of a right angled 
triangle? 184. To find the area of the surface of a sphere? 
185. The solidity of a sphere ? 186. The solidity of a cone ? 187. 
Of a cylinder? 188. How would you find the area of an irregu- 
lar field? 189. The solidity of an irregular body? 190. The 
specific gravity of a body? 191. The tonnage of a ship? 192. 
The contents of a pan with slanting sides ? 193. Of a cylindrical 
pail? 194. Give the dimensions of a box that would hold a 
bushel ? 195. A peck ? 196. A wine gallon ? 197. A wine quart ? 
198. A beer gallon ? 199. A gill ? 200. For what purpose is the 
hogshead measure used? 201. How would you find the area of 
a roof that would fill a cistern of given dimensions, with a fall of 
^ inch of rain ? 202. What is meant by gross weight ? 203. Net 
weight ? 204. Tare ? 206. What is meant by a common year ? 
206. A sidereal or periodic year ? 207. A leap year ? 208. A civil 
year ? 209. How would you find the number of gallons equivalent 
to one foot in depth of a cistern? 210. The number of plants in an 
acre of ground, their distance apart being given ? 211. What do 
you understand by an engine of forty horse power ? 
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ni. THE FUNDAMENTAL RULES. 

N. B. The pupU Bhould solye all the questions ihat he oaiiy 
xnentallj. Let him never use the slate in obtaining an answer^ 
except when it is absolutely necessary. 

8. Examples in Addition and Subtbaotion. 

1-4. Find from the following table, the population and 
extent of the globe^ according to each of the authorities 
mentioned.* 



Grand Divisions 
of the Globe. 


According to Balbi. 


Weimar Aim. 1840. 


Popalation. 


English 
Sq. Miles. 


Popnlatioii. 


Enffliih 
Sq.Milei. 


Europe - - - 
Asia - - - - 
Africa - - - - 
America - - - 
Oceanica - - - 


227700000 

890000000 

60000000 

89000000 

20300000 


8700000 
16045000 
11254000 
14780000 

4105000 


283240043 

608516019 

101498411 

48007150 

1884194 


8807195 
17805146 
11647428 
13542400 

8347840 



5. The population of China in 1743, according to the 
French missionaries, was 150029855 ; in 1825, according 
to Dr. Morrison, 352866002. What is the difference 
between these two estimates ? 

6-9. The skull haa 8 bones,* the face 14,* the ear 4/ 
the tongue 1," and there are 32 teeth.' How many bones 



* American AlmanaCi 1842. 

^ Osfrontii, two ossa parietalia, two ona temjkfrum, oi occifntist oi 
gpkenoidest and oi ethnoidet, t 

' Two ossa maxUlaria iuperiora, two ona nasi, two ossa unguu, 
two osia malarunif two ossa palati, two ossa spongiosa inferiora, the 
vomer, and the os tnaxillare inferius. 

^ Malleus, incus, os orhiculare, and stapes, 

* Os hyoides. 

' Sixteen in each jaw, viz : four ineisores, two cuspulati, four hicus' 
fides, and six molares, 

3 
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in the whole head ? Which are the most numeTons ? By 
how many do they exceed all the others ? If yon snbtract 
each class of the bones^ named above^ from the entire num- 
ber^ Jiow many ^ill be left after each subtraction ? 

10-13. In the tmnk there are 24 spinal bones,* 24 ribs, 
the sternum, or breast-bone, the os sacrum, the os coccygis, 
and ttro ossa innominata. Eequired the number in the 
entire tnmk? In the tronk and head together? How 
many more in the trunk than in the skull 1 How many 
more in the head than in the trunk ? 

14-17. Each of the upper extremities contains the follow- 
ing bones, viz : 2 in the shoulders,^ 3 in the arm,' 8 in 
the carpus, or wrist, 5 in the meta^carpus, or palm, 2 in the 
thumb, and 3 in each of the fingers.'^ How many in all ? 
How many in both of the upper extremities ? In the head, 
trunk, and upper extremities ? How many more in one of 
the upper extremities than in the face J 

18-21. Each of the inferior extremities contains the fol- 
lowing bones, viz : 4 in the leg>* 7 in the tarsus, or ankle, 
5 in the metatarsus, or foot, and 3 in each of the toes, 
except the great toe, which has but two. Bequired the 
number in^each of the lower extremities? In both? In 
all the extreiQities ? In the whole body ? 

Ans, to the last, 240.' 

22-25. How many bones in the whole body, besides 
those of the head ? Besides those of the trunk ? Of the 
upper extremities ? Of the lower extremities ? 

26-29. The skin of the cranium has 3 principal mus« 

* The 24 true vertebrs, 7 eervicalf 12 dondl, and 5 luwUnr, 
^ The clavide and scapula. 

« Humerus, radius, and ulna, 
^ Called phalanges. 

* Osfemoris, tibia, fihuUif and patella. 

' Besides the bones enumerated, are the sesamoid bones, which 
vary in number. Marjolin counts five for each of the upper, and thre^ 
for each of the lower extremities, making two hundred and fifty-six 
in the whole body. — Wistar*s Anatomy. 
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des^^ each eaor has 4^ the lids of each eye 2, each eje 6, 
the nose % the mouth 19^ the tongue 8^ and the lower jaw 
has 4 pairs. How many in all ? How many less than the 
whole does the mouth contain ? How many le&s than half? 
What is the difference between the number of bones and 
the number of muscles in the head ? 

30-33. The neck and throat contain 50 principal mus- 
cles, the trunk 116, each of the superior extremities 46| 
and each of the inferior extremities 51. How many in all f 
How many in the entire body ? How many less in the 
head than in the rest of the body ? How many more muscles 
than bones'in thc' whole system? 

34--37. Find the difference between the following num- 
bers, commencing the subtraction at the left hand:^ 
84.9108757944362 and 190027.08; 67490083574.00882 
and 3375109884726.37095 ; «16438 and 19728.87758403; 
7 and .0019547998027184920625. 

38-44. Determine from the following table, the entire 
population of the United States and Territories, at each of 
the given dates. In obtaining the results, add two columns 
of figures at a time.** 

I ■ ■ ■ - 111 - — 

* One pair and one single muscle. Most of the muscles are found 
in pairs, one on each side of the body. There is sometimes a slight 
difference in the number, in difierent individuals. 

^ In beginning to subtract at the left hand, if at any point the re- 
maining figures of the subtrahend are greater than those of the minu- 
end, we must add one to the figure we are subtracting. For 
example, in subtracting 92824 from 164809, say 9 from 16 164809 
leaves 7 ; then as 824 is greater than 809, say 3 from 4 leaves ^^^ 
1; obH is-greater than 09, say 9 from 18 leaves 9 ; 2 from 10 71985 
leaves 8, 4 from 9 leaves 5. Let the pupil explain the ra- 
tionale of this process. 

« The teacher will find this a valuable exercise, to be performed 
aloud, at the recitation of the class.. In adding two or more columns 
at once, it will be found most convenient to commence at the left 
hand, and observe at each step whether there will be one to bring 
from the right hand figures. Thus in adding 972 and 645, instead of 
saying 5 and 2 are 7, 4 and 7 are 11, 9 and 6 are 15 and 1 are 16,— mf 
9 and 6 and 1 are 16, 7 and 4 are 11, 5 and 2 are 7. Afbr a little prao* 
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TABLE OF POPULATION— Fbom trb Ambkicait Alxajtac. 



STATES. 


1790. 


1800. 


1810. 


1820. 

296,335 

244,161 

235,764 

623,287 

83,059 

275,202 

1,372,812 

277,575 

1,049,458 

72,749 

407,350 

33,039 

1,065,379 

638,829 

502,741 

340,067 

127,901 

75,448 

153,407 


1830. 


1840. 


1850 


Maine 

N'ew Hampahire 

Vermont 

Massachusetts 

Rhode Island 

Connecticut 

New York 

New Jersey 

Pennsylvania 

Delaware 

Maryland 

Dist.of Columbia 

Virginia 

North Carolina 

South Carolina 

Georgia 

Alabama 

Mississippi 

Louisiana 

Florida 

Texas 

Kentucky 

Tennessee 

Ohio 

Indiana 

Illinois 

Michigan 

Iowa 

Wisconsin « 

Missouri 

Arkansas 

Miuesota Terr. 

Missouri *< 

Oregon " 

Indian " 

New Mexico 

California 


96,540 
141,899 

85,416 
378,717 

69,110 
238,141 
340,120 
184,13P 
434,373 

59,098 
319,728 

• • • • •-• 

74«,30e 

393,751 

219,073 

82,548 

• •* • • •-« 

• • »-• ••« 


151,719 
183,762 
154,465 
423,245 

69,122 
251,002 
586,756 
211,949 
602,365 

64,273 
341,548 

14,093 
880,200 
478,103 
345,591 
162,101 

"8,850 
• ••-••« 


228,705 

214,360 

217,713 

472,040 

77,031 

262,042 

059,049 

249,555 

810,091 

72,674 

380,546 

21,023 

974,622 

555,500 

415,115 

252,433 

20,845 

40,352 

76,556 


399,955 
269,328 
280,652 
610,408 

97,199 

297,665 

1,918,608 

320,823 

1,348,233 

76,748 
447,040 

39,834 
1,211,405 
737,987 
681,185 
616,823 
309,527 
136,621 
215,739 

34,730 


601,793 
284,574 
291,948 
737,699 
106,830 
309,978 

2,428,921 
373,306 

1,724,033 

78,085 

469,232 

43,712 

1,23^797 
753,419 
594,398 
691,392 
690,756 
375,651 
352,411 
64,477 


• 


73,077 
35,791 

• • • • •-• 

• « •— •-* 

• • • • ••« 

• • • • ••• 


220,955 

105,602 

45,365 

4,875 

• • • • ••« 

• ••••-• 

• • •<• •-• 

• • • ■ •-« 

• • •■* • • 

• • • • •■^ 


406,511 

261,727 

230,760 

24,520 

12,282 

4,762 

• • • • •-« 


564,317 
422,813 
581,434 
147,178 
65,211 
8,896 


687,917 
681,904 
037,903 
343,031 
157,455 
31,639 


779,828 

829,210 

1,519,467 

685,866 

476,183 

212,267 

43,112 

30,945 

383,702 

97,574 


20,845 


66,586 
14,273 


140,445 
30,388 








.... .... 







• 45-67. Find the increase in the population from 1790 to 
1800; to 1810; 1820; 1830; 1840; 1850; from 1800 to 
1810; 1810 to 1820; 1820 to 1830; 1830 to 1840; 1840 
to 1850; 1790 to 1820; 1820 to 1850. 

58-181. Find the amount of each of the following col* 
tunns^ and also the total amount of receipts and expendi- 
tures in each year. Add two columns of figures at a time. 



tice the pupil will say at once, 972 and 645 are 1616, as naturally as he 
would say 8 and 6 are 14, without stopping to count his fingers. The 
numbers to be added should not b6 mentioned in performing the addi- 
tbn. Thus in adding 8, 5, 9, 3, 7, 9, 6, 4, say 8, 13, 22, 25, 32, 41^ 
47, 51, instead of saying 8 and 5 are 13, and 9 are 22, and 3 are 25, &c. 
Ih adding 65, 48, 27, 92, say 65, 113, 140, 232, and proceed in like 
maimer in all cases. 
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Lam.Wl^ 



6. Examples in Addition, Subteaction, Multipli- 

OATiON, and Division. 

1. Inyoice of 6 bales of Dry Goods: — 

Boston, November 27, 1849. 
Messrs. Thompson & Allen, 

Bought of William Mansfield,* 
T. & A. A bale containing 

15 pieces Lint Strelitz Osnaburgs, 
each 130 yds., @ 10c. 
Wrapper, 20 yds., @ 6c. 
Bale, cording and packing. 
Five bales, containing 

No. 36, 464 yds. 
No. 37, 481 " 
No. 38, 437 " 
No. 39, 475 « 
No. 40, 470 " 



No. 35. 



86 to 40 



2327 " @ lie. 
Bales, cording and packing. 



125 



00 



M58 



42 



2. Bill and Keceipt:— 

Philadelphia, March 25, 1848. 
Benjamin Stabler, 

To John Farmer, Dr. 

To 4 tons of hay, at 925 50 
115 bushels of oats, « 30 

95 « com, " 94 



Beceiyed payment. 



John Farmeb. 



*■ The items should he extended in the left hand column, and the 
•mounts of each package (or all the packages that are included to- 
gether, as in Nos. 36 to 40), carried out in the right hand column. 
This is the usual form of an American invoice. The pupil should give 
the amount for each of the items that is left blank. 
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8, Bill, unreceipted : — 
George Lenox, 



8* 



New York, Jnly 7, 1849. 



Bought of Carlisle & Williams, 

1 doz. Long Shawls, @ $6.75 

3 pieces Sheeting, 30, 31, 88 yds. @ .09 

1 piece Monsseline de Laine, 28 " @ .17 

2 pieces Broadcloth, 85 and 40 <^ @ 4.75 
edoz.JanenHdkfs. @ .25 

12 doz. Cotton Half Hose, @ 1.50 



4 months. 



4. Statement of Acconnt : — 
Mason, Hamilton & Co. 



9486 



47 



Albany, Jan. 5, 1849. 



1848. 
Aug. 27. 
Sept. 5. 

" 13. 

" 30. 
Oct. 8. 

" 23. 
Nov. 19. 

Oct. 1. 

Nov. r. 

Dec. 12. 



To Johnson & Brooks, 
To Stoves, &c., per, bill rendered, 6 mo. 

u It u it 

c( u a u 

a u a a 

it a ti li 

u u ti (4 

Contra, Cr. 



Drs. 



By Cash, 

^^ acceptance of draft, 
^^ note at 4 months. 



4{!0.00 
200.00 
662.50 




Balance, 
Due by average, Jnne 21, E. & 0. E.* 

5. The population of the Chinese Empire has been es- 
timated** as follows: China proper, 148897000; Corea, 
8463000; Thibet and Boutan, 6800000 ; Mandshuria, Mon- 
golia, &c., 9000000 ; Colonies, 1000000. Its territory con- 



*■ Errors and omissions excepted. 

^ Murray*s Encyclopsedia of Geography. 
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tains about 6350000 square miles. Eequired the entire 
population; and the number of inhabitants to a square mile. 

6. BiU of Lading :— 

Sb/Wpptttt ^ ^ood order and condition, bj Norton & Phillips, 

in and upon the Brig called the Margaret^ whereof 

^ 1 to 8 Merxam is master for Uiis present to jage, and now 

B. Van Pelt^ lying in the port of CharUiUm, and bound for Ifew 

Care of Tork, 

L. Haines, Three Boza and Five Bale* of Ooode, 

116 Broadway, Weight 1885 Ibe. 

New York. 

Being marked and numbered as in the mar^, to 

be deliTered in the like good order and condition, 

at the aforesaid port of New Tork (the danger of 

the seas only excepted), unto Benjamin Van Pelt, 

or to his assigns, he or they paying freight for the 

said goods, at the rate of 28 cts. per 100 lbs., with 

Primage and Ayerage accustomed. 

In txstimont whereof, the Master or Purser 
,of the said Brig hath affirmed to three Bills of 
Lading, all of this tenor and date, one of which 
being accomplished, the others to stand Toid. 

Dated at Charleston, the 80th day of March, 
1849. 

J. M. Mebiam. 

Bequired the amount of freight on the above merchan- 
dise. 

7. Keceipt in full : — ^ 

Worcester^ June 6th^ 1849. 
James A. Chase, 

1848. To Moses Allen, Dr. 

Oct. 27. To Mdse. per bill rendered, 27.35 

Nov. 3. ^^ Hire of Horse and Chaise to Leicester, 1.50 

1849. 
March 11, " 1 ton of Coal, 9.75 

Beceived payment in full, $ 

Moses Allen. 



' A receipt in full is uliderstood to cover all demands. 
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8. Pablisher's Estimate for one thousand copies of a book : 
Printing and corrections, $513.00 

Paper and certificate of copyright; ' 826.00 
Binding, 175.00 

Advertising, 200.00 



1 copy to be deposited in the Clerk's Office, 
10 copies to the author, 
989 copies for sale at 91.75^ 
Deduct cost 



Balance to coyer commissions, interest on*\ 
capital, and profit to author and publisher, v 9516.75 
uihen clU are sold, J 

9. Order for Goods : — 

Providence, August 18, 1849. 

Messrs. Anthony & Smith, 

Please ship to us by first packet : 
25 cwt. Sugar (Brown Havana) about 95.75 per cwt. 
13 hhd. W. I. Molasses, 923. 
27 boxes Louisiana Oranges, 93.80. 
Old Java Cofiee, say 1300 lbs. at .09. 
Honey, about 250 gallons at .67. 
18 chests Black Tea, 95.50 per chest. 
49 bbls. Genesee Flour, 94.75. 
And oblige, Yours, &;c,, 

L. Kenton & Ray. 

What would be the amount of the above order, if all the 
articles were sent at the prices affixed to them ? 

10. Determine by the Eoman Notation, how many years 
elapsed from the discovery of America by Columbus, Anno 
Domini MCCCCXCII, to the adoption of the United States 
Constitution, A. D. MDCCLXXXIX.' 

* The pupil will probably find no. difficulty in adding or subtracting 
Roman numerals, except when such numbers as IV, IX, XL, XC, 
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11. The Pilgriins landed at Plymouth in MDCXX, and 
Benjamin Franklin was horn LXXXVI years afterwards. 
Find hy the Eoman Notation^ in what year he was bom. 

12. Multiply by the Eoman method, and detennine the 
number of weeks that elapsed between the landing of the 
Pilgrims and the birth of Franklin, allowing LII weeks to 
each year, and adding XU to the product. 

13. Settlement of Account, exhibiting different forms of 
receipts : — 

Account rendered Jan. 1, 1848. 

Lowell, Jan. 1, 1848. 
Thomas Lawrence 

1846. To Henry Appleton, Dr. 

July 11. To Mdse. per bill, t984.32 

« 29. " 5 bbls. Flour, @ J5.25 

Aug. 31. " 49 yds. Broadcloth, @ 4.50 

Oct. 17. " 66 yds. Carpeting, @ 1.15 

" Balance of interest from Jan. 1, 1847, 16.70 



1847. Cr. 

Jan. 13. By Cash, 100.00 

Mar. 4. " Mdse. 27.42 127.42 



Balance, J1184.75 

occur. The difficulty may be removed by changing them to the forms 
nil, Vim, XXXX, LXXXX. Thus, if it were 
required to add DCCXLIV, CCXCIX, and DCCXXXXllII 
MDLXVIII, writing them as in the margin, we CCLXXXXVIIII 
commence at the right hand, and say, eleven Is MDLXVIII 

are equivalent to two Vs and I ; two Vs and two — 

to be added from the Is make four Vs or two MMDCXI 
Xs ; nine Xs and two to be added make eleven 
Xs, or two Ls and X ; two Ls and two to be added make four Ls, or 
two Cs ; four Cs and two Cs make six Cs, or one D and C ; two Da 
and one D are three Ds, or M and D ; M and M are MM. 

In multiplication, the multiplier maybe divided into any convenient 
number of parts, and after multiplying by each part, the several partial 
products thould be added together. 
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On seeing the aeoouni, Angost 5, 1849, Thoiaw Lttw« 
renoe presented the following receiptSi yis : — 

I. A Receipt on cuxaunt. 

" Received of Thomas Lawrence Seventy-five Dollars^ on 
account. Lowell, Jan. 25, 1848. 
$76. Henry Appleton." 

n. A Receipt through a third person. 

'^Eeceived of Thomas Lawrence, per hands of James 
Brown, One Hundred and Ten Dollars, on account. 
$110. Henry Appleton, 

Lowell, March 4, 1848. per William Allen." 

m. Receipt for Note on account. 

''Received of Thomas Lawrence his note dated July 6, 
1848, @ 8 months date my favor, for Seven Hundred 
and Fifty Dollars, on account. Lowell, July 7, 1848. 
Note 1750. Henry Appleton." 

The receipts being all correct, there is found to be due 
to Henry Appleton $78.46 interest, in addition to the un- 
settled balance of account. Required the amount that has 
been paid, the balance outstanding, and the amount paid at 
settlement, for which H. A. gives the following 

Receipt in/uU. 

'' Received of Thomas Lawrence, y^P^ 

Dollars, in full of all demands to this date. 
$ Henry.Appleton." 

Lowell, August 5, 1849. 

14. Allowing 365 days and 6 hours to each year, what 
length of time would be required to count the number of 
tons of carbonic acid contained in the atmosphere, counting 
3 every second, for 12 hours a day ?' 

Afu. 111697y. 124d. 5h. 26m. 40sec. 

15. A horse-power is generally estimated as sufficient to 
raise 330001bs. 1 foot hi^h in 1 minute; and Desaguliers 

* See Example 17. 
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estimates the power o^ 1 horse 849 equivalent to that of 5 
zneB. According^to the latter estimate, how much would 1000 
men be able to raise to the height of 20 feet in 5 minutes ? 

Ans. 16600001bs. 

16. Account Sales : — 

I — I • 

Account Sales. 8 Hhds. Molasses, per Mayflower, from Trinidad, 
for account of Williams & Tasistro. 



Chabgbs. 
Insurance on $150 at 

1 per cent. $1.50 

PoUcy, .50 



2.00 



Freight and storage, 19.50 

Ihities, 65.80 

Brokerage, 8.88 

Commission & Guaranty, 16.83 



Net proceeds, due 
Oct. 5, 1849. 



$219.54 



Boston, Aug. 28, 1849, E. E. 



W T 
29 
to 
86 





gals. qt. 


=*29, 


113 


80, 


112 8 


81, 


115 8 


82, 


125 


88, 


119 1 


84, 


117 


85, 


120 8 


86, 


121 2 


Gro. 


945 gals 


Dft. 


12 " 



Net 983 gals. 
@ 85 cts. $ 
Wellington, Caktek & Co. 



17. It has been estimated' that the atmosphere contains 
8994592925000000 tons of nitrogen, 1233010020000000 
tons of oxygen, 5287350000000 tons of carbonic acid, and 
54459705000000 tons of aqueous vapor. Required the 
weight of the whole, in pounds. 

Atis, 11843664 trillion pounds, acc(»*ding to the French 
Notation.** 



• Griffiths. 

^ The old English Notation is still employed in some works, but the 
French method, which is simpler and more easily learned, is generally 
adopted, even by the more modern English writers. In the English 
system, each period consisted of six places. A billion was therefore 
equivalent to a million million ; a trillion, was a million billion, and 
soon. 



sei 
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18. Inyoioe of 2 cases merchandise; shipped at HaTie 
on board the ship Dw^^este cT Orleans, Richardson, Master, 
bound for New York, purchased for account and risk of 
Messrs. Hamilton & Co.; of Philadelphia, and to them con- 
signed. 



<^226 


One Case. 

No. 54, 107 G^ 214 dot. Braces ^^ 
55 1 <« 2 «« « Q 50 




Discount 2 •|o« 26.06* 




108 Boxes, .60 

Packing, 25.90 

F 1867 6S 




"^^^^"~~* . AUVI . w 


226 


One Case. 
No. 72, 29lSl 5^ doz. Braces, 9.50 
80, 20 " 40 " " 10. 
R7 15 " 80 " " 14 




Discount 8 o|o 109.70 


• 


64 Boxes, .60 
Packing, 22.80 




Commission 8% 80.70 




F. 2770.85 
£. £. Paris, 25 NoTcmber, 1849, 

LlBOUZ & Oil. 


19. The bulk of carbonic acid produced by a healthy 
adult in 24 hours, is about 15000 cubic inches, and weighs 



» Cartons. 

^ In French currency the Franc is considered as the unit, and Cen- 
times are written as hundredths. Calculations are therefore made as in 
Federal Money. Thus 214 doz. at 6 Fr. = 1284 Frs. ; 11 doz. at 1.25, 
would be 13.75, &c. 

* This character ( 'io ) is an abbreviation for per cent, 

* No fraction of a franc is counted, less than 5 centimes. 
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about 6 ounoes.' If this were the ayerage rate, how much 
would be produced daily by the population of a town con- 
taining 5000 inhabitants. 

Ans. 43402c. ft. 1344c. in.=:16cwt. 2qr. 271b. 

7. Table fob Additional Exeroise. 

In every kind of business, correctness and readiness in 
the use of figures are of the first importance. These can 
only be obtained by practice, and to give an opportunity 
for such practice, a page of figures is here inserted, which 
may be so divided by the teacher as to make many thou- 
sands of examples. Thus,^ addition, the pupil may add 
a single column, or any two, three or more contiguous 
columns, or parts of columns, or the entire page ; and he 
may be exercised in adding two, three, or more columns at 
once.** In subtraction (in which it is recommended that he 
should always be required to commence at the left hand),^ he 
may take parts or the whole of any two adjoining rows, or 
he may subtract, (without using his slate,) part of the 
figures in any row, from the remaining figures. In multi- 
plication and division the examples may be varied in like 
manner to any desired extent. 

By this arrangement a whole class may be engaged in the 
same operation, without having the question written on the 
board, and the teacher can save the time that might otherwise 
be required for setting down examples on the slate. Thus, 
should any scholar require additional exercise in either of 
the fundamental rules, he may be told to add columns 19, 
20, and 21, or to subtract row 15 from row 14, prefixing a 
7 to the upper row; or to multiply row 7 by row 11 ; or to 
divide row 3 by the first five figures in row 18 } or he may 
be required to form examples for himself. 

» Griffiths. ^ See note «, page 35. < See note ^^ page 35. 
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12 34 5 6 7890128456789012845678 

2 874061749896215780698426792 

3 468791036734597185046808598 

4 712595107678977006569554134 
553189605740256970896 4 6 82915 
6 790456157880045678948156866 
74291708860 2 0162968780769357 

8 630690579880088968036970168 

9 975021890679214607359207429 
10 6^6810752957410215648196310 

11 662071568 6 15627951621084621 

12 146530951936268016951606742 

13 620986814610840168868516103 

14 60563 6 856960688286096241634 

15 296296 7 9688008672956178305 

16 808410466806417794626047906 

17 967086931679067241609706247 

18 164849028160792174267702648 

19 075859116502691769246902619 

20 231670461607156852079510260 

21 290591705798701860792519561 

22 560735790245600982608791572 

23 597590708697908684848978858 

24 586806964804687904790869064 

25 650976082976806470987808085 

26 978496990679680609768907896 

27 787926970608707878016891757 

28 350169517401583925365495818 

29 468701673048681860320726039 

30 086563263596420547390253640 

31 5619 41357359640478759163031 

82 085704855140267206486251652 

83 054256073465361508672564068 

84 484051330527403842603153054 
35 680484738540168102816214105 
86 601698356109218084572946186 
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8. Fractions and Compound Numbers. 

1-10. What part of the entire number of bones in the 
human body is contained in the skull ? [See §5^ Ex. 6-21^ 
and express all the answers in the lowest terms.] What 
part in the face ? — ^the ear ? — ^the tongue ? — ^the whole head ? 
— ^the spine ? — ^the ribs ?— the whole trunk ? — the head and 
truiik ? — ^the extremities ? 

11. Set down the answers to the questions in the prece- 
ding paragraph^ and add all the fractions together. 

12-13. If you were to count three every second, for ten 
hours a day, how long would it take you to count a mil- 
lion ? How long would it take to count a billion, at the 
same rate ? 

14. The population of Washington in 1840 was 23364. 
If all the inhabitants were to commence counting at the 
rate mentioned in the last example, how long would it take 
them to count a trillion dollars ? 

15. The salary of the President of the United States is 
$25000 per annum. How many years' salary would be 
equivalent to a million dollars ? 

16. Pure silver is worth at the mint $15.50 a pound. 
How many tons would it take to be worth a million dollars ? 
Express the answer in tons and fractions of a ton^ and also 
in tons, cwt, qrs., &c. 

17. Standard gold being worth J18.60 per ouncO; what 
weight of gold would be required to furnish a half-eagle to 
every inhabitant of the United States, estimating the popu- 
lation at 21000000 ? Express the answer as in the last 
example. 

18. What is the amount of the President's salary per 
day ? — ^per hour ? — ^per minute ? 

19. The average pulsation of the heart is in childhood 
about 105 beats in a minute, in youth 90 beats, in middle 
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age 75, and in old age 60. Estimating the duration of 
childhood at 14 years/ youth at 11 years, middle age at 
25 years, and old age at 25 y^ars/ how many times would 
the heart b^at in each period ? How many tim^ in the 
whole life ? 

20. TABLE OF DISCOVERIES AND IMPROVEMENTS.' 

B. 9. 

Astronomical obserrations first made in Babylon . . 2284 

Lyre inyented ........ 1004 

Sculpture ... 1900 

Agriculture by Triptolemus . • . • . . 1600 

Chariots of War 1600 

Alphabetical letters introduced into Europe . . . 1500 

The first ship seen in Greece, arriTed at Rhodes from Egypt 1485 

Iron discovered in Greece, by the burning of Mount Ida . 1406 

Seaman's Compass invented in China ..... 1120 

Gold and Silver money first coined by Phidon, king of Argos 894 

Parchment invented by Attains, king of Pergamus . . 887 

Weights and measures instituted . . ... . 869 

first astronomical observation of an eclipse . . • 721 

Ionic order used in building 650 

Maps and globes invented by Anazimander . • . 600 

Sun-dials invented . . . . . . . • 558 

Signs of the Zodiac, invented by Anaximander . . . 547 

Corinthian order of •architecture . . . • . 640 

First public library established at Athens .... 526 

Silk brought from Persia io Greece . . . • . 826 
The art of painting brought from Etruria to Rome, by Quintus 

Pictor. 291 

Solar quadrants introduced 290 

Mirrors in silver invented by Praxiteles . . • . 288 

Silver money first coined at Rome 269 

Wftter-clocks . 246 

Hour-glass invented in Alexandria . . . • • 240 

Burning mirrors invented by Archimedes . . • . 212 

First fabricating of glass 200 



* Encyclopsedia Americana, Rees* Encyclopssdia. 
^ Memoria Technica, Rees* Bkicyclopaedia, Beckmann, Scientifio 
American. 
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B. o. 

Brass invented 146 

Paper invented in China ' 106 

Rhetoric first taught at Borne 87 

Blister-plasters invented 60 

Julian jear regulated by Cesar 46 

Apple trees brought from Syria and Africa into Italy . 9 

A. 0. 

Vulgate edition of the Bible discovered .... 218 

Porcelain invented in China 274 

Water-milk invented by Belisarius . . . . . 666 

Sugar first mentioned, by Paul Eginetta, a physician ' . . 626 
Quills used for vrriting . . . . . . . 686 

Stone buildings first erected in England, by Bennet, a monk 670 
The system of couriers, or posts, invented by Charlemagne 808 
Figures used by the Arabs, borrowed from the Indians . 813 
Lanterns invented by king Alfred . . • . . 890 
fiigh towers first erected on churches .... 1000 

Musical notes i4vented by Guide, of Arezzo • • • 1021 
Heraldry originated . . • , . . • • 1100 
Distillation first practised . . . « • . .1160 
Glass windows first used in England . . • . 1180 

Chimneys built in England 1286 

Leaden pipes for conveying water, invented • . . 1262 
Magic lanterns invented by Roger Bacon .... 1290 

Tallow candles first used ...... 1290 

Fulminating powder invented by Roger Bacon . . . 1290 

Spectacles invented by Spina 1299 

Wind-mills invented ........ 1299 

Alum discovered in Syria ' 1800 

Paper made of linen . ... . . . . 1802 

Coals first used in England 1807 

Saw-mills at Augsburg . 1822 

Woollen cloths first made in England .... 1881 

Gold first coined in England 1844 

Painting in oil colors ....... 1410 

Muskets used in England 1421 

Pumps invented . 1426 

Printing invented , . 1440 

Glass first made in England 1467 

Wood-cuts invented . . 1460 

Almanacs first published in Buda . . . . . 1460 
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Frintmg introdaced into England by Oaxton . . . 1470 

Watches inTented at Nuremberg . . , . . , 1477 

Stages and post horses established .... 1488 

Tobacco discoTered in St. Domingo . . ... 1496 

Shillings first coined in England . . . . . 1505 

Stops in literatnre introduced 1520 

Spinning-wheel inyented at Brunswick .... 1580 

Variation of the Compass first obserred . . . 1540 

Pins first used in England . . . . • , . 1548 

Needles first made in England bj an East Indian . . 1545 

Sextant inyented bj Tjcho Brahe 1550 

Lace knit in Germanj « 1561 

Coaches first used in England 1580 

Telescopes, inyented bj Jansen ..... 1590 

Stocking weaving inyented 1590 

Decimal arithmetic inyented at Bruges .... 1602 

Microscopes used at Naples . . . » . . 1618 

Circulation of the blood discoyered by Harrey . • 1619 

Coins made with dies in England . . . • • 1620 

Thermometers inyented bj Drehel 1620 

Barometer inyented by Torricelli, an Italian . . • 1626 

Newspapers first published ..»•.• 1680 

Regular posts established in London • • • • 1685 

Coffee brought to England 1641 

Steam engines inyented by the Marquis of Worcester • 1649 

Pendulums for clocks inyented 1649 

Air-pumps inyented ...•••• 1650 

Air-guns inyented by Guter . • . . • • 1656 

Spring pocket watches inyented by Dr. Hook . • • 1658 

Engines inyented to extinguish fires 1668 

Bayonets invented at'Bayonne . • • . • 1670 

Micrometer invented 1677 

Telegraphs invented ....... 1687 

New style adopted in England • 1762 

Spinning frame by Arkwright . • • . • 1761 

Cotton first planted in the United States . • • • 1769 

Steam engine improved by Watts • • • • • 1769 

Georgium Sidus discovered by Herschel • • , • . 1781 

Power looms invented by Cartwright .... 1788 

Steam cotton-mills first erected 1788 

Steam grist-mills first erected ..... 1785 

Stereotype printing invented by Mr. Ged, Scotland . . 1785 
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Cotton first Bpun in America . • 1787 

Mesmeidsm, or animal magnetism, diseoyered hy Mesmer . 1788 
Sunday schools established in Yorkshire, bj Bobert Baikes 1789 
Galyanism, 1767,^-its extraordinary effects on animals dis- 
eoyered by Mrs. Galyani . . . • • . 1789 
Steam woollen factory first erected, at Leeds • . • 1792 

Flax spun by steam 1793 

Vaccination introduced by Jenner . • • • . 1798 

Ceres diseoyered by Piazd 1801 

Pallas diseoyered by Olbera . . • • • 1801 

Life-boats inyented ... • • . ' . . 1802 

Juno diseoyered by Harding 1804 

Vesta diseoyered by Olbfers 1807 

Steam first used to propel beats by Fulton, in America . 1807 
Engraying on steel first inyented by Perkins, an American 1818 
Gas first used for lighting streets in the U. S., at Baltimore 1821 
Egyptian hieroglyphics first decyphered by Champollion 1822 
Macadamizing streets commenced in Iiondon by McAdam 1824 
First locomotiye at Liyerpod ..... 1829 

Electro-magnetic Telegraph inyented by Morse, America . 1882 
Daguerreotype impressions first taken by Daguerre in France 1839 
The existence of the planet Neptune predicted by Adams and 

Leyerrier 1846 

Magnetic pendulum used for measuring longitude . • 1848 

21-30. How many years elapsed between the invention 
of the lyre and the invention of musical notes ? The earli- 
est known astronomical observations, and the invention of 
the signs of the Zodiac ? The fir^ eclipse on r^ord, and 
the invention of the telescope ? The use of the mariners' 
compass in China, and the introduction of solar quadrants ? 
The arrivial of the first ship in Greece, and the building of 
the first steamboat ? The establishment oi the first publio 
library at Athens, and the invention of printing ? The in- 
vention of the hour-glass, and the invention of watches ? 
The use of paper in China, and the manufacture of paper 
out of linen ? The first manufacture of glass, and the in- 
vention of spectacles ? The discovery of the Vulgate edition 
of the Bible, and the establishment of Sunday schools ? 

31-40. Allow 3651- days for each year, and reduce to 
weeks the number of years that elapsed between the mann- 



§8.] FRACTIONS ANB OOMPOUKD NtJlfBIBS. 58 

factuie of porcelain in China, and the mannfaotnre d glass 
in England f The inyention of pendnlnm olooks, and the 
nse of the magnetic pendnlnm for measuring longitude ? The 
introduction of figures by the Arabs, and the invention of 
decimal arithmetic ? The inyention of the steam engine, 
and the introduction of locomotiyes? The invention of 
wind-mills, and the application of steam to grist-mills ? The 
first astronomical observations known to have been made at 
Babylon, and the prediction of the planet Neptune ^ The 
invention of the sun-dial, and the invention of watches ? The 
nse of the compass in China, and the discoveiy of the varia* 
tion of the needle ? The introduction of the art of painting 
into Rome, and the invention of the daguerreot3rpe ? The 
regulation of the Julian year, and the introduction of the 
new style into England ? 

41-43. Give the answer to each of the remaining ques* 
tions on this page, in years, months, and days, — in years 
and fractions of a year, — and in years and decimals of a 
year. What length of time elapsed between the birth of 
John Calvin, July 10, 1609, and the birth of Oliver Crorn* 
weU, April 26, 1699 ? 

44-52. What length of time elapsed between the birtb 
of Fenelon, August 6, 1661, and the birth of William 
Penn, October 14, 1644? Between the birth of Oalileo 
Galilei, February 19, 1664, and the birth of Sir William 
Herschel, November 15, 1738 f Between the birth of Sir 
Francis Bacon, January 22, 1661, and the birth of Benja« 
min Franklin, January 17, 1706 ? 

63-67. What length of time elapsed between the l»rth 
of Tycho Brahe, December 19, 1646, and the birth of Sir 
Isaac Newton, December 26, 1642 ? The birth of Qteorge 
Washington, February 22, 1732, and Patrick Henry, May 
29, 1736 ? The birth of William Shakspeare, April 23, 
1564, and John Milton, December 9, 1608 ? The birth 
of John Adams, October 19, 1735, and Thomas Jeferson, 
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April 2, 1743 ? The birth of Boger Shemum, April 19, 
1721, and Benjamin West, October 10, 1738 f 

68. How many days have elapsed since the birth of Sir 
Hnmphrey Davy, December 17, 1779 ? 

69. The equatorial diameter of the earth is 7970 miles, 
and the circumference is 3f times the diameter. If a man 
6 feet high were to travel round the earth, how many yards 
farther would his head travel than his feet ?^ 

70. A pound Avoirdupois = 14oz. lldwt. 16gr. Troy. 
What part pf a Troy ounce is an ounce Avoirdupois ? 

Ans. \il 

71-75. Find the difference of latitude and longitude* 
between Boston and Philadelphia. New York and St. 
Louis. Charleston and New Orleans, Cape Horn and the 
Cape of Otood Hope. Paris and St. Petersburg. 

76. Assuming 1 ton as the average amount of carbonic acid 

produced by 6100 persons in 24 hours, and estimating the 

total population of the globe at 759999000, how many tons 

would be produced daily by human respiration ? 

Ans. 124590 tons. 

77. The average length of the tropical year is 365d. 5h. 
48m. 49/if sec.** How many days in 4 centuries, and what 
fraction of another day ? 

78. A balance made by Bamsden, for the Royal Society, 
is capable of weighing 10 pounds ayoirdupois, and turns 
with .01 of a grain.* What part of the weight is required 
to turn the s<3ale ? 

*■ Encyclopedia Americana, Rees* Encyclopaedia, Belknap, Biog. 
American, Allen. 

b Keith. 

•See Table, ^9. 

' Somerville. The tropical or civil year is the time that elapses 
between two consecutive returns of the sun to the same equinox or 
solstice. 

• Ure*B Dictionary. 
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§10.] MISCELLANEOUS EXAXl^LES. 69 

lO. Miscellaneous Examples in Integers, Deci- 
MALSy Fractions^ and Gobipouicb Numbers. 

1-4. fifteen degrees of difference in longitude are equiv- 
alent to an hour's difference of time. What difference of 
longitude would make a difference of four minutes in the 
time ? A difference of one minute 7 Of four seconds ? Of 
one second ? 

5-6. Give a rule in your own words for determining 
the difference of time when the difference of longitude is 
known. For the difference of longitude when the differ- 
ence of time is known. 

7-10. What is the difference of longitude between two 
places, if the difference of time is 2h. 15m. 278ec. ? K the 
difference is 4h. Om. 168ec. ? 39m. 45se€. ? lOh. 48m. 
49sec.? 

11-15. What is the difference of time between Boston 
and 'Philadelphia? New York and St. Louis? London 
and St. Petersburg ? Paris and New Orleans ? Washing- 
ton and Stockholm ? 

16-20. When it is noon at Cincinnati^ what time is it at 
Charleston ? At Little Rock ? At Florence ? At Jeffer- 
son ? At Kaleigh ? 

21-25. When it is Ih. 20m. 25sec. P. M. at Providence, 
what time is it at Paramatta? At Yera Cruz? At 
Albany ? At Harrisburg ? At Hartford ?^ 

26. Estimating the pound sterling at $4.84, in how many 
years would the agricultural products of the United States 
pay the British National Debt, the annual amount of the 
former being about $252,240,779,^ and the latter amounting 
in 1847 to £764,608,284 ?« 

* The table in ^ 9, furnishes materials for an indefinite number of 
questions, similar to these. 

^ Patent Office Report, 1847. < Annual Register. 
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27. Frewoli Invoice :~ 

Lyon, 9 Avril, 1848. 

Messrs. MemI & Lamb Doiyt. 

i Perigord & LuUn. 

No. 40y Une caisse par roulage ei paqueboi Bayaria 
PL du24AYril. 



668' 


Oravates longues 


m 


42 


it 


290 


50 






669 


^^ t ^ossais 


11/. 


36 


(( 










670 
671 
672 




20tV 


42 


U 








k 


67S : 
674 


44 4t 

U 44 

i 


« 














i 

675^ 

1 


1 


^1% 
19 


48 
54 


ii 










676 


U 44 


6 


48 


u 










677 
678 


44 44 

■ 

U 44 1 


2A 

8 


36 
30 


a 
it 












4530 








Emlnllage 
Comm. 3^0 








45 




1S7 

1 


1 


1 
1 






U 




1 










F. 


4712 


!25 



28. How vaany oentaries in a trillion seconds, tiBcnmg 
95 leap years in each 4 cetftnries, and 24 leap years iei each 
of the remaiaing centuries, and how many yeais, ^ys^ 
bours, miwiteSy and seconds of another century ? 

29. If a caanon-ball codid be fired from the ear& to the 
eun, and vtave uniformly^ in a straight Hne, at thr rate of 
1600 feet per«econd, in what l^e would it reach the sw^ 
the mean distance being etffimated at 95000000 miles? 



* N«. of design. 
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30. Im¥t>iee of Gloods shipped by M. Naylor & Somy ef Loiw 
don, in the Waimiruttrf Warren, Master, for Boston; bj 
order and for aoooont and risk of Messrs. W. Appleton t Oo. 




87 



Two CSMsts AsafcBtida, 
Gr. 6 7 tr. 2 24 
« 6 24 " 2 24 

Or. 10 1 8 tr. 1 1 20 
1 1 22 dft 2 



88 
89 



90 



8 3 9 

Disct 2) per cent 



Cording, 



Two boxes Kno, 
Gr. 2 21 tr. 21 
2 25 " 28 



«( 



1 1 18 tr. 44 
1 18 dft 2 



10 



Disct. 2} per cent. 



Cording, 



One Cask Litharge, M. N. 
Gr. 6 1 8 
Tr. 1 1 



6 7 



Cording, 



50 



9.tL\£ 



45 



Charges, 
Customs entries, 

Cartage, wharfage, and shipping, 
B. of Lading 28. 6d., Poalage8 28. 

Brokerage and com., 9 per cent. 
Insurance £40. 
Stamp 28. Comm. Is. 

E. E. London, 27th Jas., 1850. 
M. Natlor & SoKS. 



22 6 



85 



11 



1 



6 

15t 
4 



14 
8 



dl^. t. 



6 



6 



32 



8 
19 

17 



9 
4 



«2 



81. 



FUKDABflNTAL BUUBS. 
TIME-BOOK. 
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JUNK, 




m9. 



NAMES. 



George Brooks, 
Frank. Jones, 
John Smith, 
Wm. Brown, 
Thos. Martin, 



26 



26 27 



1 
1 
1 
a 



28 



291 

1 
1 

i 
1 

1 



80 

1 
1 
1 
a 
1 



TMd. 



6 

I' 

6 



Wiget 

per week. 



10.60 
6.00 
5.00 
9.00 
4.00 



Amtmat, 



RIMABKS. 



Ex. workm'n. 
Rather slow. 
Intemperate. 
Good hand. 
Careless. 



Find the amount of each man's wages^ and the total 
amount of wages for the week. 

32. If 150 leaves of paper make a pile an inch high, and 
each leaf is twice the thickness of a hair, what would be the 
extent of a quadrillion hair-breadths ? 

83. In what length of time would light, which moyes at 
the rate of 192000 miles per second, reach us from a star 
that is one quintillion miles distant ? 

34-41. Express 1853 by a scale of notation that shall 
have 9 for its base, instead of 10.* Express the same num- 
ber by a scale of 7; of5; of3; of2; of8; of6; of 4. 

42-44. In the first three weeks of June, 1849, the num- 
ber of gallons of water consumed in the city of Philadelphia 
was as follows : June 1st. 6439650 ; 2d. 6163665 ; 8d. 
3955785 ; 4th. 6041005 ; 5th. 6102335 ; 6th. 5887015 ; 
7th. 4569085 ; 8th. 5887680 ; 9th. 5489035 ; 10th. 



* If 9 had been adopted as the base of our system, 9 units of any 
order would have made one of the next higher order. Therefore if we 
wish to reduce 14646 to the scale of 9, we divide by 9 
and find that there are 1627 units of the 2d order, and 3 
of the Ist. The 1627 units of the 2d order are equiva- 
lent to 180 units of the 3d order, and 7 of the 2d. The 
180 units of the 3d order make 20 units of the 4th order 
and of the 3d. The 20 units of the 4th order make 2 
units of the 5th order and 2 of the 4th. The whole 
number would therefore be expressed thus : 22073. 



9)14646 

9)1627-3 

9)180-7 

9)2CM) 

9)^2 
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8557140; 11th. 4753075; 12th. 4895096 ; 18th. 6703690 ; 
14th, 5550365; 15th. 6346655; 16th. 6623640; 17th. 
5550865; 18th. 6224995; 19th. 5918845; 20th. 6565810; 
2lBt. 7289945. What was the total oonsomption of the 
three weeks ? ^ The average daily consumption ? ' If the 
whole quantity were put into 100-gallon casks, and the 
casks were arranged side hy side, how far would they eztend^ 
each cask occupying a space of 3 feet ? 

45-50. Determine from the following table, the area of the 
United States and Territories, the amount of exports and 
imports, in the years 1840 and 1847, and the number of 
inhabitants to a square mile in each state and territory, by 
the census of 1840. . 



STATES. 


Na Square 


1840. 


Export! 
1847. 


Inporti 
1840. 


Inporti 
1847. 


Maine 

New Hampshire 

Vermont 

Massachusetts 

Rhode Island 

Connecticut 

New York 

New Jersey 

Pennsylvania 

Delaware 

Maryland 

Diet of Columbia 

Virginia 

North Carolina 

South Carolina 

Georgia . 

Alabama 

Mississippi 

Louisiana 

Florida 

Texas 

Kentucky 

Tennessee 

Ohio 

Indiana 

Illinois 

Michigan 

Iowa 

Wisconsin 

Missouri 

Arkansas 

Minesota Terr. 

Missouri « 

Orejgron " 

Indian " 

New Mexico 

California 


»35,000 

8,030 

8,000 

7,250 

1,^ 

4,750 

46,000 

6,851 

47,000 

2,120 

11,000 

50 

61,352 

45,500 

26,000 

58,000 

50,722 

47,147 

46,431 

59,268 

325,520 

37,680 

44,000 

39,964 

33,809 

55,405 

56,243 

50,914 

53,924 

67,380 

52,196 

166,000 

579,000 

341,463 

248,851 

77,387 

448,691 


t>$l,0184i60 

20,979 

305,150 

10,186,261 

206,989 

518,210 

34,264,080 

16,078 

6,820,145 

37,001 

6,768,766 

753,923 

4,778,220 

387,484 

10,036,769 

6,862,959 

12,854,694 

'»l,'2d6',936 

1,858,850 

• *•••>••••• 

• • • • •■« • • • • 

991,954 


bfl,634,903 

1,690 

514,296 

11,248,462 

192,369 

599,192 

49,844,368 

19,128 

8,544,391 

235,459 

9,762,244 

124,269 

6,658,374 

284,919 

10,431,517 

5,712,149 

9,064,580 

42,051*633 
1,810,538 

*"77«',944 

""sb'ioo 

93,795 

• • • • •-• • • • • 

• ••• •••• ••« 

• ••• •••• •-• 


bie28,762 

114,647 

404,617 

16,513,858 

274,534 

277,072 

60,440,750 

19,209 

8,464,882 

802 

4,910,746 

119,852 

545,665 

252,532 

8,058,870 

491,428 

674,651 

10,67^,190 
190,728 

2,241 

28,938 
4,915 

V. . . ^. . . . . 

138,610 
**" 10,600 


t>$574,056 

16,935 

239,641 

34,477,068 

305,489 

275,823 

84,167,352 

4,837 

9,587,516 

12,722 

4,432,314 

25,049 

386,127 

142,384 

1,580,658 

207,180 

390,161 

336 

9,222,969 

143,298 

29,826 

26,956 

1,256 

90,681 

266 

37,603 

• • • • •-• •-• • • 

• • • • •-• •'• • • 

• • • • •-• • • • • 

• ••• m^m • m • 

• • • • •-• • • • « 


162,229 

•-•-••• •-« • • • • 

m^-9 * •^ • • • • 
• • •-• •••••• 

•-• •••• •••• 



^ U. S. Land Office Documents, 1849 ; see also, 12th Ann. Rep. 
Mass. Board of Educ, pp. 34, 35. ^ Am. Almanac. 
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51. Wate^ is composed of two volumes of hydrogen and 
one volume of oxygen, a volume of oxygen being of the 
same weight as 16 volumes of hydrogen. Required the 
weight of each gas in a cubic foot of water, which weighs, at 
the temperature of 62° Fahrenheit, 62.5 lb. 

52-55. Give abbreviated rules for jnultiplying, and for 
dividing* by 5; by 25; by 125; by 625. 

V 

11. Test Examples. 

1. From the sum of 287.53 + 195.7 + 6008 + 1.976 + 
3092.06, subtract by a single operation the sum of 948 + 
27.008 + 1090.3 + 4726.87 + 95.953.* 

2-10. Reduce to whole numbers 4f§^; ^^; ^^} 

^??^; m^; ^7^S- m^> ¥bV; WsS^- 

11-15. Reduce 137 to 8ths; to 4ths; to llths; to 
125ths ; to 1016ths. 

16-25. Reduce to simple fractions 1 of 7 ; } of 4 of 3t ; 

|>of3}of2^\; U of ^^5 of 90; ||; ^5; f"; t^ Sf' 

yof|4ofyVofgofl6f 

• Since 5*5 =.04 and 25 =.^^5, we may obtain 5*5 of a number, 
(which is equivalent to dividing the number by 25,) by multiplying by 
.04, and we may obtain 25 times a number, by dividing by .04. By 
finding the decimal value of 5 , Slc, similar rules may be formed for 
each of the other cases. 

^ The arithmetical complement of a number is the difference between 
the number and some power of ten. Such examples as the 1st in this 
section can be most readily solved by addition, taking 
the arithmetical complement mentally, of each of the 4692.8 

numbers to be subtracted. This may be done by taking — 271.04 
each of the figures firom 9, except the right hand figure, — 2637. 
which should be taken from 10. After adding all the 1384.2 

arithmetical complements, we must deduct 1 from the '■ 
next place at the left. For example, if the sum of 4692.8 3168.96 

— 271.04 — 2637+1384.2, were required, writing the 
numbers as in the margin, we commence by saying 4 firom 10 leave 6 ; 
2+9-1-8 = 19; 1-1-4-1-3+8+2 = 18; 1+8+6+2+9=26; 2+3+ 
.^+7+6=21; 2+1+7— 1-M = 13; 1—1=0. 
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26-30. Find the yalue of 15/2+8f|+27|+|+41JJ; 
jof 3/y-f of }4of 7fj 4ofWof8|x5JxioflyVj 

31-55. Reduce to mixed numbers If; W/ W; ^if^i 

36-40. Beduce to a fractional fonn49|i; lOSfJ; .0932; 
231 jf; 8.087. 

41-15. Reduce to the lowest terms ^^|; §ij|; |f|; 

46-55. Find the numerators and denominators tnat are 
indicated by a blank in the following fractions; }=-l-L; 

4=^; ^=:r5 i=n> il=^; 8^=1^; ^1=^; 7*= 

56-60. Reduce to fractions or mixed numbers .18 ; 2.0&; 
.82; 27.854; .0563. 

61-65. Reduce to decimals IJ; f; ^} ^; j^. 

66-70. Reduce to the least common denominator || and 
If; 41 andfl; ^^^A.^^i?; A, A,andif; f, |, |, 
and y»5. 

71. A clerk, in balancing his books^ found an error of 
$407.25. What was the probable cause of the error f* 

72-75. Divide .0072 by 576000; 27.9 by .00124; 
46500 by .0002976 ; 87.002 x 1.008 by 963 x 72000. 

76-80. Reduce 8s. 7d. 2qr. to the decimal of a £ ; 2yd. 
2ft. 3in. to the fraction of a furlong; -fj miles to fur.^ r., 
yd., ft., and in. ; 7mo. 21d. to the fraction of a year; 4|d. 
to seconds. 

* The difTerence between any number, and the same number trans- 
posed in any way, is divisible by 9. Thus, 723—327, 723—372, 723— 
273, 723 — 237, are each exactly divisible by 9. Therefore, if we find 
in comparing the books of a counting-room or banking-house, that 
they do not agree, and the amount of their disagreement is divisible by 
9, we know that it may have arisen from a transposition. We shall 
thus frequently be enabled to discover an error readily, which would 
otherwise have required a long and tedious examination. 

5 
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81-85. Multiply in a sin^e line' 4793 by 27 ; by 103 ; 
by 251 ; by 19 ; by 874. 



-M- 



IV. MEASURES, WEIGHTS, AND CUR- 

RENCIES. 

The standard weights of nearly every country, are de- 
rived from the linear measures. Coins are made of platina, 
gold, silver, or copper. As gold and silver are too soft to 
be used by themselves, some other metal is mixed with them 
before coining. The metal which is added is called aUoi^. 

la. Standards op the United States.** 

Congress has never fiilly exercised the power granted to 
it by the constitution, of establishing a uniform standard of 
weights and measures. The standards used at all the Cus- 
tom-Houses w^re prepared by Mr. F. R. Hassler, in 1835-6, 

* Multiplication in a single line will be found a very valuable exer- 
cise, and in many 

cases it is much 1 ? I ? 

1... 3 9 5 6 

more expeditious 

than the ordinary 6X4+6X84-6x7-4-6x2 

method. These- 5x4+5x84-5X7+5x2 

companyingexam- d X 4-4-9 X 8+9X7+0X2 

pie, of the multi- 3x4+3x8+3X7+3X2 

plication of 4872 \ 

K oo^ Ml k L 12 + 60 + 113 + 133 + 101 + 52+12 

by 3956, will show m. h.th/t.thT th. h. ^tens^ un. 

the several pro- 
ducts that are to be added to obtain each figure of the entire product, 
and will perhaps render the process as intelligible as it could be made 
by any formal rule, To obtain the product in a single line, 
we say 6X2= 12. Set down 2 and carry 1. 1+6 X 7+5 X 4872 

2=53. Set down 3 and carry 5. 5+6x8+5X7+9x2 ffff 

= 106. Set down 6 and carry 10. l0+6x4-|-5x8+9 19273632 
X7+3x2 = 143. Set down 3 and carry 14. 14+5x4 
+9x&+^X7 = 1^7. Set down 7 and carry 12. 12+9x4+3x8 
= 72. Set down 2 and carry 7. 7 and 3X4 = 19, which we set down, 
making the entire product 19273632. 
^ A. D. Bache. Report on Weights, Measures, and Balancta. 
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«id are similsr to those used in Englandy anteior to the 

passage of the "Act of Uniformity/' in May, 1834. 

Many of the states have attempted to establish nnifonnity 
within their own limits, and have passed laws for that pur- 
pose. There is, therefore, a slight diversity in the usages 
of different sections of the Union, but, as nearly all the laws 
haye assumed the English system for their basis, it does 
not seem desirable to attempt making an abstract of them. 
The teacher, however, should mal:e his pupils familiar with 
the laws that have been passed on the subject by the leds- 
latures of their own state 

There is a great discrepancy in the statements of differ- 
ent writers on arithmetic, relative to the government stand- 
ard. Many of those who have alluded to the subject, 
seem to have regarded the local customs of their own 
neighborhood as identical with the practice of the United 
States' officers, and probably no one has given correct infor- 
mation as to the standards in actual use at the Mint, the 
Custom-Houses, and in all the departments of the Gteneral 
Government. 

In the joint resolution of June 14, 1836, the Secretary 
of the Treasury is " directed to cause a complete set of all 
the weights and measures adopted as standards, and now 
either made, or in the progress of manufacture, for the use 
of the several Custom-Houses, and for other purposes, to be 
delivered to the governor of each state in the Union, or 
such person as he may appoint, for the use of the states 
respectively, to the end that a uniform standard of weights 
and measures may be established throughout the United 
States." In order further to secure this uniformity, Con- 
gress directed, in 1838, the preparation and distribution to 
the states, of balances for adjusting weights and capacity 
measures. In 1848, twenty-one of the states had received 
these standards, and a sufficient number had been prepared 
to meet the demand from the remaining states. 
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But in these very standards^ there is a great want of sys* 
tern. The foot is sabdiyided decimally, instead of being 
divided into indies; the decimal multiples of the Troy 
pound, and the decimal sub-multiples of the Avoirdupois 
pound are given, although they are never used. The 
whole matter is, therefore, in great confusion, not only in 
this country, but in every other country, except France. 
Some steps have been taken towards the adoption of a uni- 
form international standard, and it is not improbable that 
some modification of the French system will eventually come 
into general use throughout the civilized world.* 

1. LONG MEASUKE. 

The denominations are Leagues, Miles, Furlongs, Sods, 
Yards, Feet^ and Liches. 

X4. ffi. /. r. fd, ft. In. 

1 = 3 = 24 = 960 = 5280 =16840 =190080 

1= 8 = 820 = 1760 = 5280 = 63860 

1= 40= 220 = 660 = 7920 

1= 5J= 16}= 198 

1 = 8 = 86 

1 = 12 

The English standard unit of Long Measure is the yard, 
which is equivalent to ||?g J8 of the length of a ^^ pendulum 
vibrating seconds of mean time in the latitude of London, 
in a vacuum at the level of the sea/'^ The United States 
standard, the original, of which the state standards are 
copies, is a brass scale of 82 inches in length, prepared for 
the survey of the coast of the United States, by Troughton, 
of London, and deposited in the Office of Weights and Mea- 
sures. 

The Bod is sometimes called Perch, or Pole. 

The Yard, for Cloth Measure, is subdivided into Quar- 
ters and Nails. 



* Plot McCulloh, U. S. Bfint. ^ McCnUocfa. 
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3Kf. {r. MS. in. 
1 = 4 = 16 :== 86 

1=: 4= 9 

1= 21 
Surveyors use Chain Measure, in which the unit is a 
Chain of 4 Eods. It is subdivided into Poles and Links. 

MiU. fur. eh, poUt,. I. in. 

1 :s 8 =s 80 ~ 820 = 8000 = 68860 

l=«10t= 40=1000= 7920 

1= 4= 100== 792 

1 s= 26 = 198 

1 = 7.92 

A lot of land measuring 10 chains in length and 1 in 
breadth; contains an acre. 

ApcUm = 3 inches ; a hand = 4 inches; a ipan = 9 
inches; a pace = 3 feet; a fathom = 6 feet; a knot, or 
geographical mile, is ^ of a degree, or i^tIitit ^^ ^^^ earth's 
circumference, and is equivalent to 1.15257 statute mileS| 
or 6085.56 feet;' a degree at the equator, is 69^ miles. 

The inch is generally subdivided on scales into lOths or 
decimal parts, but sometimes into halves, quarters, eighths, 
and sixteenths. In the work of carpenters and other me- 
chanics, the duodecimal division is sometimes employed. 
The inch = 12 lines, or primes ; the prime := 12 seconds ; 
the iecond = 12 thirds, &o., &c. 

* This is the value of the geographical or nautical mile, employed 
in the Topographical Bureau at Washington, in 1849.* The rate of a 
8hip*8 sailing is determined by the half-minute glass and log-line. The 
log is a piece of board, loaded on one end so that it will stand verti- 
cally in the water,. The intervals between the knots on the line, are 
intended to bear the same proportion to a sea mile, as a half minute to 
an hour. Thus if 8 knots on the line run off of the reel, while the 
sand is running out of the half-minute glass, the vessel is moving 8 
knots an hour. 

The length of the knots on the log-line would accordingly be y^^ 
of a nautical mile or 50.713 ft., if perfect accuracy were required. But 
in order to keep the ship " behind her reckoning,'' and avoid the dto- 
ger of running ashore, they are made three or four feet shorter. The 
length of a knot for a 28 seconds' glass is usually 6i fathoms. 

*' Determined, for the Bureau, by John Downes, from Bessers Ele- 
ments of the Terrestrial Spheroid. 
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2. SQUARE MBASXJRE. 

The Square Mile is subdivided into AcreS; Roods^ Kods^ 
TardS; Feet; and Inches. 

Mi. A. R. sq. r. sq, yd, «?•/(• <9- «<*• 

1 = 640 = 2660 ^ 102400 ^ 8097600 = 27878400 == 4014489600 

1« 4= 160 « 4840= 48560= 6272640 

1= 40= 1210= 10890= 1568160 

1 =(5J)« 80i =(16J)« 272 J= (198)8 89204 

1 = (8)« 9 = (86) 8 1296 

1 = a2f 144 

A square piece of land, measuring 209 feet (or nearly 70 
paces); on each side^ is about equivalent to an acre. 

The value of the several denominations in Square and 
Cubic Measure; is determined by the standards employed 
in Long Measure. 

3. CUBIC MEASURE. 

The denominations are Cubic Tards; Cubic Feet; and Cu- 
bic Inches. 

1 « (8)» or 27 = (86)» or 46666 
1 « (12)» or 1728 

A foot of wood is 16 cubic feet. 8 feet of wood; or 128 
cubic feet; make a cord. A ton of timber; storage or ship- 
ping, is 40 cubic feet. A perch of stone is 24f cubic feet 
= 1 perch square and 1} feet thick. A square of earth is 
a cube measuring 6 feet on each side, and is equivalent to 
216 cubic feet. In measuring round timber; a deduction is 
sometimes made from the diameter of each stick; to allow 
for waste in sawing. Therefore; a ton of round timber; 
although nominally but 40 feet; often contains about 50 
feet.* 

* In England 40 c. ft. of round timber, or 50 c. ft. of hewn timber, 
make 1 load or ton. In the American lumber ynida, the custom is 
nearly or quite universal of estimating the ton at 40 ft. for both hewn 
and round timber. But as there are different modes of measurement 
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Boards are measured by the superficial foot ; but if they 
are more than 1 inch thick, allowance is made for the addi- 
tional thickness. A board 1} ft. wide, 20 ft. long, and of 
any thickness not exceeding 1 inch, contains 20 X l}=30ft. 
But if it is li inches thick, it will contain 20 X li X li 
=37} ft. 

4. LIQUID MEASURE. 

The denominations are Hogsheads, Gallons^ Quarts, 
Pints, and Gills. 

hhd. gall. p. pt. gi. 

1 — 68 = 262 = 604 « 2016 

1« 4= 8« 82 

1« 2« 8 

1» 4 

The United States standard for measuring liquids, is the 
gallon, which is a vessel containing 58372.2 grains (8.3389 
pounds avoirdupois) of the standard pound of distilled water, 
at the temperature of 39*. 83 Fahrenheit, the vessel being 
weighed in air in which the barometer is 30 inches at 62** 
Fahrenheit. This corresponds very nearly with the Eng- 
lish wine gallon, which contains 231 cubic inches. Milk 
and malt liquors are sold by Beer Measure in many places, 
the beer gallon containing 282 cubic inches. The hogs- 
head (measure) is used only in estimating the contents of 
cisterns, wells, or large .bodies of water. 

The Gallon (Cong.') is subdivided by apothecaries, into 
Pints (0"), Fluidounoes (fg), Fluidrachms (fs), and Min- 
ims (ITl). 

Cong. O. fS ^ V\ 

1 = 8 = 128 = 1024 = 61440 

1= 16= 128= 7680 

1= 8= 480 

1= 60 

in use, a ton of round timber will often contain 50 c. ft. Most timber 
is now sold by Board^Measure, the ** ton" being nearly obsolete* 

* From the Latin, Congiarium^ a gallon. 

^ From Octanst an eighth part. 
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It is Bometimes desirable to make an estimate of tHe 
weight of fluids. A pint of water weighs a pound;' 45 
drops make about a fluidrachm ; a common teacup Holds 
ahout 4 fluidounces; a common tablespoon aboiU half a 
fluidounce ; a teaspoon ahoiU 1 fluidrachm.^ 

5. DRY MEASURE. 

The denominations are Bushels, Pecks, Quarts, and 
Pints. 

hu, pk. qt. pt, 

1 = 4 == 82 = 64 

1 = 8 = 16 

1= 2 

The United States standard is the bushel measure, con- 
taining 543391.89 standard grains, (77.6274 pounds Avoir- 
dupois,) of distilled water, at the temperature of 89^.83 
Fahrenheit, and barometer 30 inches at 62^ Fahrenheit. 
This corresponds very nearly with the Winchester bushel, 
which is a cylinder 18} inches in diameter, and 8 inches 
deep, containing 2150.42 cubic inches. 

6. TROY WEIGHT.* 

The denominations are Pounds, Ounces, Pennyweights, 
and Grains. 

lb. or. dwt. gr. 
1 = 12 = 240 = 5760 
1= 20= 480 

1 = 24 - • 

The standard Troy pound' is equivalent to the weight of 

■I » < 

• A pint of distilled water at 62P Fahrenheit weigha 1 lb. The dif- 
ference between distilled water and well-water at any ordinary tem- 
perature is so slight, that in making estimatesi a pint of water may 
always be considered as weighing a pound. 

^ United States Dispensatory. 

« " Troy" Weight is said to signify London weight, the name being 
derived from Troy Novant, the ancient name of London. — McCulloch. 

' The Troy pound was declared to be " the standard and Troy pound 
of the Mint of the United States, conformably to which the coinage 
thereof shall be regulated," by an act of Congress of 19th May, 1828. 
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22.79442 cubic inclies of distilled water at its maTimnm 
density, the barometer standing at 30 inches; or to 22.8157 
c. in. of water at 62^ Fahrenheit, barometer at 30 inches.* 
It was copied by Captain Kater, in 1827, £rom the English 
Imperial Troy pound. 

In Apothecaries' Weiqht, which is used in compound- 
ing medicines, the Troy pound is subdivided into Ounces 
Q\ Drachms (3), Scruples (9), and Grains. 

»• 3 5 9 ^ 
1 = 12 = 96 = 288 = 6760 

Irr 8» 24= 480 

1 = 8 = 60 

1= 20 

In Diamond Weight, 4 quarters = 1 grain ; 4 grains = 
1 carat; 7} carats = 1 Troy dwt. A diamond weighing 1 
carat is worth about $9 if rough, and ^6 if cut. The value 
increases as the square of the weight, unless the weight ex- 
ceeds 20 carats, in which case the increase is not so rapid. 
Thus a cut diamond weighing 3 carats, would be worth 
about 3* X 36 = 324 dollars.'' The gold carat grain = 
2J dwt. 

At the United States Mint, the Troy ounce is adopted 
as the standard, and all weights are expressed in decimal 
multiples and submultiples of the ounce. Thus 951b. 8oz. 
15dwt. 15gr. of bullion, would be credited on the Mint 
books as 1148.65625oz.« 

7. AVOIRDUPOIS WEIGHT. 

The denominations are Tons, Hundred-weights, Quarters, 
Founds, Ounces, and Drams. 

This is the only direct legislation in regard to the adoption of stand- 
ards, but the joint resolution of June 14th, 1836, indirectly recognises the 
weights and measures used at the Custom -Houses, as having been 
'* adopted as standards." 

» McCuUoch. ^ EncyclopaBdia Americana. 

« Professor McCulloh, of the U. S. Mint. 
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T. eUftA qr. lb, ox, dr. gr. Troy. 

1 = 20 s 80 » 2240 =: 85840 = 673440 = 15680000 

1= 4= 112= 1792= 28672= 784000 

1= 28= 448= 7168= 196000 

l=r 16= 256= 7000 

1 = 16 = 437} 

1= 27^1 

The standard Avoirdupois pound is equivalent to 7000 
Troy grains, or to the weight of 27.7274 o. in. of distilled 
water, at 62^ Fahrenheit, barometer at 30 inches.^ 

In many of the states, statutes have been enacted, fixing 
the ton at 2000 lb., the hundred at 100 lb., and the quarter 
at 25 lb. But in the standard of the general govenunent, 
the ton of 2240 lb. with its subdivisions, is still retained.* 
Even where the legal ton is 2000 lb., 2240 lb. are often al- 
lowed in weighing bulky or cheap materials, such as iron^ 
coal, plaster, &o. 

8. FEDERAL MONEY.* 

The denominations are Eagles, Dollars, Dimes, Gents^ 
and Mills. 

E. S di. et, ' mi. 

1 = 10 = 100 = 1000 = 10000 

1= 10= 100= 1000 

1= 10= 100 

1= 10 

The only coins in circulation are the double eagle^ the 

*- — ■■—-■■ ■ — ■ 

* From c. for centum (which signifiei one hundred), and wt. toeigJU, 
^ The old English pound, which is said to have been the legal stan- 
dard of weight from the time of William the Conqueror, to that of 
Henry VII., was derived from the weight of grains of wheat ; 32grain« 
gathered from the middle of the ear, and 'well dried, made a peiuty- 
weight, 20 pennyweights an ounce, and 12 ounces a pound. Henry 
VII. altered this weight and introduced the present Troy pound, winch 
is I of an ounce heavier than the Saxon pound. The AvoirdnpoM 
pound was introduced by a statute of 24 Henry VIII. — Brande. 

<" See the different Tariff Acts. 

* Manual of Coins. 
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eagle^ half-eagle^ quarter-eagle^ and dollar^ of gold; the 
dollar, half-dollar, quarter-dollar, dime, and half-dime, of 
silver ; and the cent and half-cent, of copper. The gold and 
silver coins contain ^ pure metal, and ^ alloy. The alloj 
of gold is composed of about i silver and } copper (not to 
exceed } of silver) ; the alloy of silver is pure copper. The 
metal thus alloyed is called standard. The eagle contains 
258 grains of standard gold, the dollar 412} grains of stand- 
ard silver, and the cent 168 grains of copper, and the mul- 
tiples and subdivisions of all the coins the same proportion. 
Previous to 1834, the eagle contained 270 grains, of which 
22} grains were alloy. By the act of Congress, June 28th, 
1834, it was provided that all gold coins minted anterior to 
the 31st of July, of that year, should be receivable in all 
payments at the rate of 94.8 cents per pennyweight. The 
old eagle is therefore worth S10.665. 

By the same act, the following coins were rendered cur- 
rent in the United States : — 

The gold C0U18 of Great Britain, Portugal, and Brazil^ of not 
less than 22 carats fine, at ^-A cents per pennyweight. 

The gold coins of France, J> fine, at 93^JL cents per penny- 
weight. 

The gold coins of Spain, Mexico, and Colombia, of the fineness 
of 20 carats 8.7 grains, at 38^9^ cents per pennyweight. 

The silver dollars of Mexico, Peru, Chili, and Central America^ 
of not less weight than 415 grains each, and those re-stamped in 
Brazil, of the like weight, and of not less fineness than 10 oi. 15 
dwt. in the Troy pound, of standard silyer, at $1.00 each. 

The Fiye-ftranc piece of France, when of not less fineness than 
10 01. 16 dwt. in the Troy pound, of standard silver, and weigh- 
ing not less than 384 grains each, at the rate «f 98 cents. 

The following table exhibits nearly the yalue of the prin- 
cipal gold coins of different countries. But, as most of the 
coins that circulate in the community are more or less 
worn, the current value is generally a few cents less. 
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NAMES or COINS. 



United States. — ^Eagle coined before 

July 31, 1834 . 

Do. coined after July 31, 1834, 
shares in proportion . . . 
Austrian Dominions. — Souverain . 

Double Ducat 

Hungarian di). * 

Bavaria. — CaroUa 

Max d'or, or Maximilian . . 

Ducat 

Berne. — Ducat, double in proportion 

Pistole 

*BraziI. — Johannes, \ in proportion 

Dobraon 

Dobra 

Moidore, \ in proportion . . 

Crusado ....;... 
Brunswick. — Pistole, double in pro'n. 

Ducat 

Cologne. — Ducat 

* CoiomWa.— Doubloon .... 
Denmark. — Ducat, current . . . 

Ducat, specie 

Christian d'or 

East India. — Rupee, Bombay, 1818 

Rupee of Madras, 1818 . . . 

Pagoda, Star 

*England. — Guinea, i in proportion 

Sovereign, do. . . . 

Seven Shilling Piece . . . 

* France. — Double Louis, coin. b. 1786 

Louis, do. 

Double Louis, coined since 1786 

Louis, do. 

Double Napoleon, or 40 francs 

Napoleon, or 20 francs . . . 
Frankfort on the itfam.— Ducat . 
Geneva. — Pistole, old 

Pistole, new 

Genoa. — Sequin 

Hamburg. — ^Ducat, double in pro'n. 
fla»o»#r.— -George d*or .... 

Ducat 

Gold Florin, double in proportion 
Holland. — ^Double Ryder . . . 

Ryder 

Ducat 

Ten Guilder Piece, 5 do. in pr'n. 
Malta. — Double Louis ... . 

Louis . 

Demi Louis 

^Mexico. — I>oubloons, shares in pr*n. 
Jtfi/an.— Sequin 



Wdsht 



dir. gr. 

II 6 

1018 
314 



4 
2 
6 
4 
2 



12 
5* 
5i 
4 
5* 
123 
4 21 
18 

34 12 
18 6 
6 22 
16i 
2U 
51 



4 
2 
2 

17 
2 
2 
4 
7 
7 
2 
5 
5 



51 
9 



51 
7 
11 
12 
4f 
8* 
2h 
119 
1011 
5 5* 
20 
22 
7 
3* 
5t 
7i 
15t 
51 



9 
4 
8 
4 
2 
4 
3 
2 
2 
4 
2 
2 



Cooteott 

in pore 

Gold. 



51 

6* 
51 
2 



12 21 
6 9 
2 51 

4 7* 
10 16 

5 8 
2 16 

17 9 
2 51 



(njM. 

247.5 

232 

78.6 
106.4 

53.3 

lis 

77 
52.8 
45.9 
105.5 

759 

401.5 

152.2 
14.8 

105.7 
51.8 
52.6 

360.5 
42.2 
52.6 
93.3 

164.7 

165 
41.8 

118,7 

113.1 
39.6 

224.9 

112.4 

212.6 

106.3 

179 
89.7 
529 
925 
80 
53.4 
529 
92.6 
53.3 
39 

2832 

140-2 
528 
93.2 

215.3 

lOd 
545 

3605 
532 



Amuj. 



car. gr. 

22 

212il 
213* 
23 2* 
23 3i 
18 2 
18 11 
23 2* 
23 1* 
212* 
213* 
22 
22 
22 

213* 
212* 
23 0* 
23 2 
203 
210* 
23 2 

21 3 

22 0* 
22 
19 
22 
22 
22 
21 
21 
212* 
212* 
212* 
212* 

23 2* 
212 
213* 
23 3* 
23 2* 
212* 
23 3* 
18 3* 
22 
22 

23 2* 
212* 
20 0* 
201 
20 1* 
203 
23 3 



New 
vmloe. 



2 
2 



d. c m. 
10 66 5 



7 
3 
7 

7 



10 

3 38 

4 59 
229 
4 95 

3 31 

2 27 5 

197 7 

'4 54 2 

17 6 4 

32 70 6 

17 30 1 

6 55 7 
63 8 

4 55 2 
2 23 
226 

15 53 
181 
2 26 

4 2 

7 9 
7 11 
179 8 

5 75 
4 83 8 
169 8 
9 68 8 

84 3 

16 

58 

70 

86 



1 
7 
5 
5 
7 
1 
6 



4 

9 
4 
7 
3 



227 



3 
3 
2 
2 
3 
2 



98 
44 
30 
27 
99 
29 



169 

12 20 

6 4 



2 
4 
9 
4 
2 



27 
1 
27 8 
65 3 
348 
15 53 5 
2293 
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Contsntt 




Naw 


NAMES or COINS. 


Wdghl. 


in pun 
GobL 


Awmj. 






dir. gr 


cniM. 


car. gr. 


d. c m. 


Doppia or Pistole 


4 U 


88.4 


213 


3807 


Forty Lire Piece, 1808 . . . 


8 8 


179.7 


212* 


7 74 2 


Naples.— Six Ducat Piece, 1783 . 


5 16 


121.9 


21 1* 


5249 


Two do. or Sequin, 1762 . . 


120i 


37.4 


20 1* 


1613 


Three do. or Oncetta, 1818 . 


210i 


58.1 


23 3* 


2 49 6 


Netherlands. — Gold Lion or 14 Florin 










Piece .... 


5 7* 


117.1 


22 


5 46 


Ten Florin Piece, 1820 . . 


4 7* 


93.2 


212* 


4 16 


Parma. — Quadruple Pistole, double 










in proportion . . . 


18 9 


386 


21 


16 62 7 


Pistole or Doppia, 1787 . . 


4 14 


97.4 


21 1 


4 19 6 


Do. do. 1796 . . 


414 


95.9 


20 3* 


4 13 5 


Maria Theresa, 1818 . . . 


4 3i 


89.7 


212* 


3851 


Fiedmont. — Pistole, coined since 1785 




■ 






half in proportion . 


5 20 


125.6 


212* 


5 412 


Sequin, half in proportion 


2 51 


52.9 


23 2* 


2279 


Carlino, coined since 1785, half 










in proportion 


29 6 


634.4 


212* 


27 33 4 


Piece of 20 Francs, ealled Ma- 










rengo 


4 3i 


82.7 


20 


3564 


Poland. — ^Ducat 


2 5* 


52.9 


23 2* 


2 27 9 


♦PortM^aZ.— Dobraon 


3412 


759 


22 


32 70 6 


Dobra . 


18 6 


401.5 


22 


17 30 1 


Johannes 


18 






17 6 4 


Moidore, half in proportion . 


622 


152.2 


213* 


6 55 7 


Piece of 16 Testoons, or 1600 rees 


2 6 


49.3 


22 


2 12 1 


Old Crusado of 400 rees . . 


15 


13.6 


213* 


58 8 


New Crusado of 480ree8 . . 


16i 


14.8 


213* 


63 7 


.Milree,. coined in 1755 . . . 


19* 


18.1 


213* 


78 


New Dobra • .• '• • • • 


17 6 




22 


16 25 3 


Joannese, double in proportion 


9 e\ 




213* 


8 76 3 


Half in proportion .... 
Piece on2 Testoons.or 1200 rees 


415 




213* 


4 37 1 


116i 




213* 


1574 


Piece of 8 Testoons, or 800 rees 


1 41 




213* 


1 12 


Prtt«»ia.— Ducat, 1748 . . • . 


2 5* 


52.9 


23 2* 


2 27 9 


Ducat, 1787 ..*... 


2 5# 


52.6 


23 2 


2267 


Frederick, double, 1769 . . 


814 


185 


212* 


7 97 5 


Do. do. 1800 . . 


814 


184.5 


212 


7 95 1 


Do. single, 1778 . . 


4 7 


92.8 


212* 


3 99 9 


Do. do. 1800 . . 


4 7 


92.2 


212 


3 97 5 


Rome. — Sequin, coined since 1760 


2 4i 


52.2 


23 3* 


225 


Scudo of the Republic . . . 


17 Oi 


367 


212* 


15 80 4 


Russia. — Ducat, 1796 


2 6 


53.2 


23 2* 


2 29 


Ducat, 1763 


2 5* 


62.6 


232 


2267 


Gold Ruble, 1756 .... 


1 Ok 


22.5 


22 


96 7 


Gold Ruble, 1799 .... 


18* 


17.1 


213* 


73 7 


Gold Poltin, 1777 .... 


9 


8.2 


22 


35 5 


Imperial, 1801 

Half do. 1801 ...... 


717* 


181.9 


23 2* 


7 83 6 


3 20* 


90.9 


23 2* 


3 913 


Do. do. 1818 


4 3* 


91.3 


22 0* 


3 94 2 


Sardinia. — Carlino, half in proportion 


10 7* 


219.8 


21 1* 


9 47 


iSa«<my.— Ducat, 1784 .... 


2 5* 


52.6 


23 2 


2267 


Ducat, 1797 ...... 


2 5* 


52.9 


23 2* 


2 27 9 
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Augustus, 1754 

Do. 1784 

5tt?t7y.— Ounce, 1751 

f>oubledo. 1758 

* Spain, — Quadruple Pistole, or Doub- 
loons, 1772, double and single, 
and shares in proportion . . 

Doubloon, 1801 

Pistole, 1801 

Coronilla, Gold Dollar, or Vin« 

tern, l£i01 

iSto«rfen.— Ducat 

Switzerland, — Pistole of Helvetic Re- 
public, 1800 . . 

7V«)«#.— Ducat 

Turkey, — Sequin Fonducli, of Con 
stantinople, 1773 . . 

Do. 1789 

Half Misseir, 1818 .... 

Sequin Fonducli 

Yermeebeshiek 

Tuicany, — Zechino, or Sequin . 

Ruspone of the k'm. of Etruria 
Venice. — Zechino or Sequin, shares 

in proportion .... 
Wurtemburg.'^CBrolin .... 

Ducat . 

Zurich. — Ducat, double, and half in 
proportion 



wsi^hl* 



dw. cr. 

4 6k 

4 6i 
2 20k 

5 17 



17 8k 
17 9 
4 8i 



1 
2 



3 
5 



4 2U 
2 5i 

2 51 

2 5i 

18i 

2 5 

3 1* 
2 5i 
6 17i 

2 6 
6 3^ 
2 5 



CootMltl 

in puri 
Gold. 



fraiM. 

91.2 
92.2 
58.2 
117 



372 
360.5 
90.1 

22.8 
51.9 

105.9 
52.6 

43.3 
42.9 
12.2 
42.5 
70.3 
53.6 
161 

53.6 

113.7 

51.9 



AMmj. 



2 51 52.6 



car. gr. 

21 U 
21 2i 

20 U 
202 



21 2i 
203 
203 

20 U 
23 2 

212^ 
23 2 

19 U 
19 0* 
16 0^ 
19 1 

22 3i 

23 31 
23 3k 

23 3i 
18 2 
232 

232 



value. 



"31 cl m 

3 92 7 
3 97 4 
2505 
5 4 2 



16 3 8 

15 53 5 

3884 

98 3 
223 6 

456 
226 7 

1868 

1 848 
52 1 

183 1 

3 28 
2309 
6 93 9 

2 31 

4 89 8 
2237 



2267 



J 



The foregoing Table is copied from tke American Al- 
manac for 1835. It was originally compiled from the 
" Manual of Coins/' published at the United States Mint, 
"Kelly's Cambist," and "Moore's Philadelphia Price Cur- 
rent." 

The gold coins of the countries to which the star is pre- 
fixed, if possessed of the fineness prescribed, are made, by 
the act already referred to, to "pass current as money, and 
to be receivable in all payments, by weight, for all debts and 
demands, from and after the 31st day of July, 1834." The 
other coins in the Table are not made a legal tender; but 
they are sold at a certain rate per dwt., according to the 
purity of the gold. 
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TABLE OF THE PRINCIPAL SILVER COINS OF DIFFERENT 

COUNTRIES. 



NAMES or COINS. 



Austria, — ^Rix Dollar, or Florin, dmvmtion . 

Gopftsuok, or 20 Creutxer Piece . . . 

Halbe Copftsuok, or 10 Creutxer Piece 

^oden.— Bix DoUar 

Baoiiria.^B,iT DoUar of 1800 

CopftBUck 

Bruntwiek. — ^Rix Dollar, Convention . . • 
Denmark. — Ryksdaler 

Mark, specie, or Half Ryksdaler . . 
E<ut Indies.--Siocik Rupee, Calcutta . . • 

Company's Rupee (1835) 

Bombay, new, or Surat (1818) .. . . 

Fanam, Cananore 

<< Bombay, old 

** Pondicherry ...... 

Gulden, Dutch East India Company 

Bn^land,— Crown (old) 

Shilling" 

Crown (new) 

Shilling" 

France, — Franc 

Oenoa. — Scudo of 8 Lire 

Hamlmrg, — Rix Dollar, specie 

Double Mark, 82 Schilling 

8 Schilling Piece 

Hanover, — ^lUx DoUar, ConttUution . . . 

Florin, or piece of f , fine 

Holland, — Florin, or Guilder 

12 Stiver Piece 

Florin of Batayia 

Lubeck. — ^Rix Dollar, specie 

Mark 

Lueea, — JScudo 

Malta, — Ounce of Emman. Pinto . . . . 

2 Tari Piece 

Milan, — Scudo of 6 Lire . 

lira 

Modena. — Scudo of 1796 

Naples, — Ducat, new 

Piece of 10 Carlini 

Netherlands,— Florin of 1S16 

Poland, — Florin, or Gulden 

Porfti^oi.— New Crusado (1809) .... 

Seis yintems, or Piece of 120 Rees . . 

* Brande. 



Comaate 
in port 


ValM. 


Silver. 




gnuM. 

179.6» 


♦s 


59.4 


16 


28.8 


08 


858.1 


96 


845.6 


98 


59.4 


16 


859.2 


96 


888.4 


1 06 


64.4 


17 


175.9 


47 


165. 


44 


164.7 


44 


82.9 


09 


85. 


09 


22.8 


06 


148.4 


40 


429.7 


1 15 


85.9 


28 


408.6 


1 09 


80.7 


22 


69.4 


19 


457.4 


1 28 


897.6 


1 07 


210.8 


57 


50.1 


18 


400.8 


1 08 


200.3 


54 


146.8 


40 


92.4 


25 


141.6 


88 


891.9 


1 05 


105.1 


28 


372.3 


1 00 


387.4 


91 


17.7 


05 


319.6 


86 


62.8 


14 


287.4 


77 


295.4 


80 


295.1 


80 


148.4 


40 


84. 


• 28 


198.2 


63 


46.6 


13 



80 



MEABUBSS, WEIGHTS^ ETC. 



[ART. IV. 



NAMES OF COINS. 



Testoon 

Portuguese Colonies. — Piece of 8 Macutes, of Por- 
tuguese Africa . . . 
Prussia. — Rix Dollar, Convention 

Florin, or Piece of f 

Rome. — Scudo, or Crown 

Paolo 

Russia. — Rouble 

Rouble of Alexander (1805) 

20 Copeck Piece 

Sardinia. — Scudo, or Crown 

Saxony. — Rix Dollar, Convention . # . . . 

Sicily. — Scudo 

S^ain. — Dollar 

Sweden. — Rix Dollar 

Sioitzerland. — ^Ecu of 4 Franken . . . '• . 

T'MrArcy.— Piastre of 1818 

Tuscany. — Lira 

Wurtemburg. — Rix Dollar, specie 

Copftsuck 



Contents 
in pure 
Silver. 


Value. 


grains. 
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53.4 
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96 
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9. ASTRONOMICAL MEASURES. 

The denominations of Circular Measure) and of 
TiME^ are the same in all civilized countries. 

Every circle is divided into degrees (**), minutes (0> *n<i 
seconds (f^). Seconds are usually subdivided decimally. 
A Sign in Astronomy, is 30 degrees. A Qiuidrant is 90 
degrees. 

Cire. o « 

1 =s 360 rr 21600 = 1296000 

1 = 60 = 3600 

1 = 60 

The denominations of Time are Years, Months, Weeks, 
Days, Hours, Minutes, and Seconds. 

Yr. Dy. h. min. see. 

1 == 865 = 8760 = 525600 = 31536000 

1 = 24 = 1440 = 86400 

1 = 60 = 3600 

1 = 60 
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A common year is 365 days. A bissextile, or lei^ y^u> 
is 366 days. A Julian year is 365i days. A tropical, 
solar, or civil year is 365d. 5h. 48m. 49.7sec.* 

13. Standards of Great Britain.* 

1. MEASURES. 

The linear/ superficial, and cubic measures are the same 
as in the United States. The old wine, beer, and dry mea- 
sures have been supplanted by the 

Imperial Liquid and Dry Measure. 

The denominations are Quarters, Cooms, Bushels, Pecks, 
Gallons, Pottles, Quarts, Pints, and Gills. 

Qr. C. Im. pk. gal. pot. qt. pt. ' ft. 

1 = 2 = 8 = 82 = 64 = 128 = 266 = 612 = 2048 

1=4=16=82= 64=128=256=1024 

1= 4= 8= 16= 82= 64= 266 

1«2= 4= 8= 16= 64 

1= 2= 4= 8= 82 

1= 2= 4= 16 

1= 2= 8 

1= 4 

The imperial standard gallon contains 10 lb. Avoirdupois 
of distilled water, temperature 62®, barometer 30 inches. 
Its capacity is therefore 277.274 c. in. The imperial 
bushel is a cylinder, of which the inner diameter is 18 J 
inches, and the depth Si in. 

The following denominations of Wine Measure have been 
discarded under the new system, viz. : the Tun = 2 Pipes, 
the Pipe or Butt = 2 Hhd., the Hogshead = 63 Gal., the 
Puncheon = 2 Tierces, and the Tierce = 42 Gallons. In 
the old Beer Measure, 1 Tun = 2 Butts, 1 Butt = 2 
Hhd., 1 Hogshead = 1} Barrels, 1 Puncheon = 2 Barrels, 1 



» Somerville. 

*> McCulloch, and Man. of Coins. 
« The Irish mile= 3038 yd. ; the Scotch mile = 1984 yd. 
6 
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Bbl.=: 2 Ealderkinfl, 1 Kilderkin = 2 Firkins, 1 Firkin = 
3 Gal. of Ale, or 9 Gal. of Beer. 

Coals were formerly sold by the Chaldron, which was sub- 
divided into Yats, Sacks, and Bushels. The ooal bushel 
held 1 qt. more than tiie Winchester bushel. Twenty-one 
chaldrons made a Score. 



Scot; 


chta. 


Yats, 




Saeks, 


Su. 


1 = 


: 21 = 


84 
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In Dry Measube, a Last is 2 Weys, and a Wey or Load 
is 5 Quarters. 

2. WEIGHTS. 

All weights are derived from the Troy and Avoirdupois 
pounds. The Imperial standards, and the denominations of 
Troy, Apothecaries^, and Avoirdupois weight, are the same 
as in the United States. 

Not only have the English no natural standard of weight, 
but at the present time they have no standard, the Imperial 
Troy pound having been destroyed' by the fire which con- 
sumed the Houses of Parliament, Oct. 16, 1834.* But the 
bulk of water to which it is equivalent has been so accu- 
rately determined (27.7274 c. in.), that it could easily be 
restored. The length of the seconds' pendulum at Green- 
wich, may, therefore, be very properly regarded as the present 
basis of the entire system of weights, measures, and cur- 
rencies, both of Great Britain and the United States. 

Avoirdupois weight may be readily converted into Troy, 
or Troy into Avoirdupois.' 

144 lb. AvoirdtipoiB «= 175 lb. Troy. 
192 oz. Avoirdupois =» 176 oi. Troy. 

A stone is generally 14 lb. Avoirdupois. But a stone of 
• Brande. * Wade. 
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butcher's meat^ or fish, is 81b. A stone of glass is &lb» 
A seam of glass is 24 stone. A truss of haj = 56 lb. A 
truss of new hay, until the 1st of September = 60 lb. A 
truss of straw = 361b. 36 trusses make a load. 

In weighing wool, 1 last = 12 sacks, 1 sack = 2 wejs, 1 
wey = 6} tods, 1 tod = 2 stone, 1 stone = 2 cloyes^ 1 doye 
= 7 lb. A pack of wool contains 240 lb. 

8 lb. = 1 clove of cheese or butter, and 66 lb. = 1 fiF- 
kin of butter. A wej is 32 doves in Essex^ or 42 cloves 
in Su£folk. 

8. ENGLISH OR STERIJNG MONEY. 

The denominations are Pounds, Shillings, Pence, and 
Quarters, or Farthings. 
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A guinea is 21 shillings. A crown is 5 shillings. The 
coin which represents the pound is called a sovereign. The 
coins are the five-guinea piece, the guinea, half-guinea, quar- 
ter-guinea, seven-shilling piece, double sovereign, sovereign, 
and half-sovereign of gold, — ^the crown, half-crown, shil- 
ling, sixpence, fourpence, threepence, twopence, one-and-a- 
halfpence, and penny of silver,— and the penny, hal^nny, 
farthing, and half-farthi^g of copper.' 

A pound of silver of the English mint standard, contains 
lloz. 2dwt. of pure silver, and 18dwt. of alloy. This 
pound is coined into 66 shillings. A shilling therefore 
weighs 87.27 grains, and contains 80.727 grains pure silver. 
The standard for gold is 11 parts fine gold and 1 part alloy. 
The sovereign weighs 128.274 grains, and contains 113.001 

*■ In Scotland, a bodh = i of an adiiton as i of a hafobee ss 4 of a 
plaek ss J of a penny.— Crriyory. 
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grains of pure gold. A soyereign of fall weight is there* 
fore worth $4,866/ The guinea and its subdivisions have 
not been coined since 1816. 



14. — Standards op France."* 
1. MEASURES, 

The standard unit of linear measure is the Metre^ from 
which all measures and weights are derived^ It is intended 
to be equivalent to Ti^TyTAf^TFTy ^^ ^^® distance from the pole 
to the equator, and was determined by measuring the dis- 
tance from Dunkirk to Rhodes.'' The names of the multi- 
ples and submultiples of the unit; in all the tables^ are 
formed by the following prefixes : 

Deca prefixed; signifies 10 times. Deci denotes ^. 

Hecto " " 100 " Centi « -jj^. 

Kih " " 1000 " MiUi " y^^. 

Myria " " 10000 " 

Thus the Decametre = 10 Metres; the Decist^re == ^ 
St^re ; the Hectogramme = 100 Grammes. 

The metre is equivalent to 39.371 inches. The milli- 
metre is sometimes called trait (line); the centimetre; doigi 
(finger), the decimetre; palme, and the decametrC; perche. 

The unit of superficial measure is the Are, which is a 
square decametre, and is equivalent to 119.6046 square 
yards. The hectare is often called arpent (acre). 

* In 1838 a dispute arose in the settlement of an account, which was 
submitted to arbitration. The charges were all made in English 
money, and the point in dispute was the value of the pound sterling, 
in our own currency. It was decided by the referees; to be $4,858.— 
Mer. Mag. 

At the Custom-House, the sovereign is estimated at $4.84; the pound 
of the British Provinces, Nova Scotia, New Brunswick, Newfound- 
land and Canada, at $4.00 ; the pound of Jamaica, Honduras, and 
Turk's Island, at $3.00 ; the pound of Nassau, at $2.50. 

*^ McCuUoch, Enc. Amer., Hunt's Mer. Mag. 

• About 570 miles.— HttfU'f Mer, Mag, 
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The unit of solid measure is the St^re, which is a cubio 
metre^ and is equivalent to 35.3174 cubic feet^ or 1.30805 
cubic yards. 

The unit of measures of capacity is the litre, which is a 
cubic decimetre, and is equivalent to 1.05676 quarts of our 
standard. The setter is equivalent to the hectolitre^ and the 
muidy or barrel, to a kilolitre. 

In the Systeme Usuel,* the names of the ancient weights 
and measures are retained, together with the subdivisions 
into halves, quarters, eighths, &c. The toise usuelle = 2 
metres; the pied or foot =^ i metre; the aune = IJ m^ 
tres ; the boisseau = 12.5 litres. 

4 

2. WEIGHTS. 

The unit of weight is the Gramme, which is derived from 
the cubic centimetre, and is equivalent to 15.434 Troy 
grains. . In the Systeme Usuel, the half-kilogramme is 
called a livre, which is thus subdivided : 4 gros make 1 
once ; 16 onces make 1 livre usuelle ; 2 livres make 1 kilo- 
gramme. A miUier = 1000 kilogrammes = 2205.48 lb. 
It is used for marine tonnage. 

3, MONEY. 

•Accounts are kept in Francs and Centimes. The old 

denomination, Sols or Sous, is sometimes used in accounts, 

20 sous being rated as a £ranc. Ten centimes make a 

d^cime. 

F. D. c. 
1 = 10 = 100 
1 = 10 

The subdivision of the franc, therefore, resembles our 
subdivision of the dollar into dimes and cents. Prior tc 
the revolution, the money was divided into louis-d'ors, 

* Called " usuel," because the common subdivisions are retained 
but their value is altered to correspond with the new standard. 
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eons or crowns, livres tournois, sous, and deniers ; the liyre, 
when newly coined, being equivalent to the franc. 

L.d^or. », liv, 8. d. 

1 = 4 = 24 = 480 = 5760 

1 = 6 = 120 = 1440 

1 = 20 = 240 

1 « 12 

The gold coins now in circulation, are the double louis- 
d'or, the louis-d'or, the double Napoleon (worth 40 francs), 
the Napoleon, the 40 franc piece, and the 20 franc piece ; 
the silver coins are the crown, half-crown, 30 sous, 15 sous, 
6 livres, 5 francs, 2 francs, franc, and quarter-franc; the cop- 
per coins are the 5 sous, 2 sous, sol, decime, 5 centimes, 2 cen- 
times, and centime. The mint standard for both gold and 
silver, is ^ fine metal, and y^ alloy. A kilogramme of 
standard gold is coined into 166 twenty-franc pieces. A 
kilogramme of standard silver is coined into 200 francs. 
The Custom-House valuation of the franc is $0,186. 

4. SUBDIVISIONS OF THE CIRCLE AND OF TIME. 

With the introduction of the decimal system of measures, 
weights, and money, an attempt was also made to change 
the divisions of the circle and of time. Each quadrant of 
the circle was divided into 100 degrees (making 400° in 
the entire circle, instead of 360°), each degree into IQO 
minutes, and each minute into 100 seconds. A series of 
logarithmic trigonometrical tables, to correspond with this 
system, was computed by M. Borda, and a compendium of 
his work, with the logarithms extended to seven places, has 
been published. 

Each of the 12 months was composed of three decades of 
10 days each, and at the end of the year, five intercalary 
days, (in leap years six days,) were added. The day was 
divided into 10 hours, the hour into 100 minutes, and the 
minute into 100 seconds. After a short trial, the attempt 
to introduce these chanjses entirely failed. 
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15. Miscm^Eors Table- of Meas^ies, Weights, 

AND Moneys of Account. 

1. AoAPULOO. — See Mxxioo. 

% Albxandbia. — ^The yard or pik s= 26.8 inches. The meftstxres 
for com are the rhebebe =s 4.864 Eng. bushels, and the quUlot or 
kisloz = 4.729 bushels. The eantaro or quintal == 100 rottoli; but the 
rottolo has four different values. The rottolo forforo as .9847 lb. 
At. ; 1 rottolo zaidmo ss 1.885 lb. ar. ; 1 rottolo tauro = 2.07 lb. At. ; 
1 rottolo nUna ss 1.67 lb. Ay. 

MoHBT. — ^Accounts are kept in current piastres. 1 piastre a= 40 
pants or medmij 1 medino = 80 aspersy, or 8 horhij or 6 forli. A 
purse contains 25000 medini. A piastre is worth about 6 cents. 
Large payments are generally made in Spanish dollars. 

8. Alicant. — The yard or vara = 4 j>aZ»io« =29.96 inches. In 
liquid measure 1 eantaro = 8 medios =16 quartillos =* 8.05 Etfg. wine 
gallons. The tonndada or ton = 2 pipes = 80 arrobas = 100 canta- 
ros. In dry measure 1 eahiz b= 12 barehUlas s= 96 medios ss 192 
quartillos = 7 Winch, bush. The earffo =s 2} quintcds = 10 arrobas. 
The artoba s= 271b. 6oz. At., and contains 24 large pounds of 18 
Gastilian ounces, or 86 small pounds of 12oz. each. At the Gus- 
tom-House, the arroba =s 25 lb. of 16os. each. 

Monet. — ^Accounts are kept in libras of 20 sUeldos, each sueldo 
containing 12 dineros. The libra or peso s= 10 reals = 272 tnaravedis 
of plate or 512 tnaravedis vellon = 78 cents. 

4. Amsterdam. — ^In 1820, the French system of measures and 
weights was introduced into the Netherlands, the names only being 
changed. The unit of Long Measure is the elle, which equals the 
French mitre. Its decimal diyisions are the ^alm^ duim, and 
streqf (corresponding to the decimetre, centimetre, and milli- 
metre), and its decimal multiples, the roede and mifle (correspond- 
ing to the decametre and kilometre). The unit of Square Mea- 
sure is the ifierkante elle or square elle, wliich equals the French 
eeniiare or metre carr^. Its divisions an4 multiples are the vier- 
kgmte palm, vierkante duim, vierkante streep, vierkante roede, and vier^ 
kante bunder. The vierkante bUnder = 1 Are. In Measures or 
Oapaoitt 1 kubieke elles=sl eth'e. Its divisions are the kubicks 
palm, duim, and streqf, A k, elle of firewood is called wisse. In 

* McCulloch, Hunt's Mer. Mag., Am. Al., Boston Custom-House 
Table, Enc. Amer. 
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Bbt BIeasubi, 1 kop = 1 litre. The maatje, achepd^ and mudde, or 
tak, correspond to the decilitre^ decalitre^ and hectolitre. In Liquid 
HsASUBB, the kan^ maatje, vingerkoede, and vat, are respectiYely 
equivalent to the litre, decilitre, centilitre, and hectolitre. The Uut, 
or measure for com, sa 27 mudden. The aam, liquid measure, = 4 
ankers == 8 iteckant ==21 viertels == 64 xtoopen == 128 mingla = 256 
jTih^M ss 180 Utret, 

^The WxiaHTs are the v^igtje, korrd, lood, ont, and pond, oorre- 
eponding to the gramme, decigramme, decagramme, hectogramme, and 
kilogramme. The Za«^ for marine tonnage = 2000 ponds. The 
apothecary's new pound = 5787 grains Troy, or 375 grammee, and 
is subdiTided as the English apothecary's pound, into ounces, 
drams, scruples, and grains. By the old method of calculating, 
100 lb. Amsterdam == 108.923 lb. Avoirdupois. 

Monet. — 100 cents = 1 florin = $0.40. Accounts are sometimes 
kept in Flemish money. 1 pound = 6 florins =c= 20 schillings =:^ 120 
Btiyers = 240 groats = 1920 pennings. 

5. .^Antwibp. — The same as Amsterdam. Of the old weights, 
which are still occasionally referred to, the quintal of 100 lb. s=s 
103} lb. Ay. a schippound is 3 quintals^ A stone is 8 pounds. 
Of the old measures, 1 last = 87} vierteU =■ 150 macken = about 9j^ 
imperial quarters. A barrel = 26} Eng. gallons. 

6. A&ABiA. — See Bussobah, Djidda, Mocha, Muscat. 

7. AusTBiA. — See Tbiestb. 

8. Banoeok. — 1 fathom = 4 cubits = 8 spans = 96 finger-breadths 
= about 6 J ft. Eng. 20 fathoms = 1 sen, and 100 sen = 1 yt/to. 
In weighing, 1 picul = 50 catties = 183 J lb. av. 

Money. — The currency consists only of silver and cowrie shells. 
1 bat or tieal = 4 salungs = Sfuangs = 16 sing-p'hais = 32^*Aa«- 
nungs = 6400 bia or cowries = 55 cents nearly. 80 ticals make 1 
catty, and 100 catties make 1 picul. Gold and silyer are weighed 
by small weights which have the same denominations as the coins. 
The p'hai-nung is then divided into 82 sagas, 

9. Babcblona. — The yard or eana = 8 palmos = 82 quartos = 21 
inches nearly. The quartera, or measure for grain = 12 eortanes sa 
4Spicolins = .235 Winch, quarters. The carga or liquid measure a 
12 eortanes or arro6a<=: 24 cortarinas = 72 mitadellas = 32.7 wine 
gallons. 4 cargas = 1 pipe. 

Monbt.— 1 libra = 20 sueldos = 240 dineros = 480 mallas = 68 
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cents. The libra is likewise diyided into 6) redUi deplaia Catalan^ 
or 10 reales arditet, 

10. Batavia. — The Chinese weights are used, (the picul and 
catty), but the picul is considered equal to 186 lb. At. Accounts 
are kept in florins or guilders, and centimes, 'the rupee <= $0.44. 
The rix dollar = 48 stiyers = $0.76. See Amsterdam and 
Canton. 

11. Belgium. — See Antwerp. 

12. Bengal. See Calcutta and Madras. 

13. Bilbao. — See Cadiz. 

14. Bombay. — 1 gttz = 1^ hatha = 24 tussoos = 27 inches. In 
salt measure, 1 rath = 16 annat = IQOO parahs = 16800 adowliea 
= 2572176 cub. inches or 40 tons. In grain^measure, 1 candi/ = S 
paraht = 56 pailiea = 224 seera = 448 tipprees = 1561b. 12oz. 
12.8dr. aV. In liquor measure, 1 maund = 50 seers = SOOO rupees 
= 761b. lloz. Iddr. Ay. In weighing all heayy goods except salt, 1 
maund = 40 seers = 2880 tanks = 281b. Av. In pearl weight, 1 
tank = 24 rutiees = 830 tuekas = 72 Troy grains. In gord and sil- 
ver weight, 1 tola = 40 walls = 179 gr. Troy. 

Money. — Accounts are kept in r9pees. 1 rupee = 4 quarters = 
400 recu —16 annas = 50 pice = $0.45. An urdee is 2 reas ; a 
doreea, 6 reas; ^ dooganey, 4 reas; nfuddea^ 8 reas; a.pauncheaj 5 
rupees ; a gold mohur, 15 rupees. The annas and reas are imag^* 
nary moneys. 

15. Brazil. — Same as Lisbon. 

16. Bremen. — 1 ell «= 2 feet = 22.76 Eng. inches. 1 last = 
4 quarts = 40 schejfels = 160 viertels =640ffptn<» = 80.7 Winches- 
ter bushels. 1 oxhoft^^ IJ iierees= 6 ankers = 80 viertels = 264 
quarts = 58 Eng. wine gal. An ahm = 4 ankers. The commer- 
cial pound = 2 marks = 16 ounces = S2doihs, 100 lb. Bremen 
=^ 109.8 lb. Ay. A shippound = 2} centners = 290 lb. A waage 
of iron = 120 lb. 

Money. — 1 thaler or rix dollar = 72 grootes = 360 swares sss 
$0.78f. 

17. Buenos Ayres. — The same as Cadiz. 
X8. BuRMAH. — See Bangoon. 

19. Bushire. — The league or parasang = 3m. 3fur. 25r. The 
royal guz, or cubit = 37) inches. The common guz = 25 inches. 
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The artaba or principal oom measure >» 16 bnahelfl nearly. 
Pearls are weighed bj the abbas as 2}gr. Troy ; gold and silyer 
by the miteal == 8dwt. very nearly. The mound thaw = 2 maund$ 
tabree = 18} lb. Ay. at the Gnstom-Hoase, or 12} lb. at the bazaar. 
It' is used by dealers in sugar, coffee, copper, and all sorts of 
drugs. The mound copra Is 7f lb. at the Custom-House, and from 
7} to 7} lb. St the bazaar. It is used by dealers im rice and other 
proTisions. 

MoirsT. — 1 foffianss50 abassetsss 100 mamoodit = a,hovLi $2.50. 
The toman of Gombroon &» $6, 

20. BussoKAH. — ^The Arabian mile ss 2148yd. The Aleppo 
yard, for silks and woollens s=s 2ft. 2.4in. ; the Hadded yard, for 
cottons and linens, =s 2ft. 10i2in. ; the Bagdad yard, for all pur- 
poses, =s 2ft. 7. 6in. Gold and silyer are weighed by the eheki «= 100 
misco^ as 7200gr. Troy. 1 oke of Bagdad ^=^2^ vdkiM s 47}oz. 
Ay. ; 1 mound atteree = 28} lb. Ay. ; 1 mound tofy or tesse = 90^ lb. 
Ay. ; 1 eiUra of indigo ss 138 lb. 15oz. Ay. These are the weights 
used by the European merchants settled at Bussorah ; they differ 
a little from those used by the Arabians. 

Money. — ^Accounts are kept in mamoodit of 10 danims, or 100 
floose. 1 toman a=s 100 mamoodit = $8 nearly. 

21. Cadiz. — 100 yards or varot =r 92} English yards. The 
common leffuo =* SOO varos; the legal leguox^ BOO varot. In com 
measure 1 cahiz =>= 12 fanegot = 144 ceUminat = 676 guartUku =* 
1.576 bushels. In liquid measure 1 contaro or arroba = 8 azumbret 
s= 82 quartUlot, There are two arrobas, the greater and the less, 
the former = 4J, the latter = 8f wine gallons. A wioyo of wine 
e=16 arrobas. A botta=ZO arrobas of wine, or 88} of oiL A 
pipe = 27 arrobas of wine, or 84} of oil. 100 lb. Castile = 101} lb. 
Ay. The ordinary quintal is diyided into 4 arrobas, or 100 lbs. 
of 2 marc$ each. 

Money.— Accounts are kept by the real of old plate, of which 
there are lOf in Mh^petp duro or hard dollar. The real = 16 quintos 
or 84 maravedia. The ducado deplata, or ducat of plate, is worth 
11 reals. At the U. S. Custom-House the real of plate is esti- 
mated at $0.10, and the real Yellon at $0.05. 

22. Caglia&i. — The j>a2fn= 10} inches. The atareUOf or com 
measures: Ibu. l}pk. Eng. 1 cantaro= 4 rubbitm 104^.b1248<«. 
«= 98 lb. Ooz. 8dr. Ay. 
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MoNBT.— 1 ;tra=4 realty 20 «o^t» |0.186. 19 reali.jmke 
1 ecudo, 

28. Calcutta.— 1 com= 1000 fathoms— 4000 cubits =S0O0 spans 
s= 24000 Jiands=z 96000 /nycr» = 288000 barleycorns or /©»«= Im. 
Iftir. S-^yjd. In Cloth Measubi 1 ffU2=2 hauls or cu6tY«=16 
gheriahs s= 48 angfdlas as 144 yor6e> >» 1yd. £ng. In Squabs Msas* 
UBB 1 ^yaA»20 coMaA««= 820 eAiMacib b1440 sq. ft A cMi- 
tack is 5 cubits or hauts in leng^, and 4 in breadth. In Gbaim 
Measubb 1 HaAoon — 16 «oa//iM>:=8200iNi//tef« 12800 raiks^ 
61200 khaonks^^ bazaar mounds. In Liquid Mxasubi 1 bazaar 
maund= 8 pussarees or measures = 40 seers = 160 j^oimtA^ or pke s 640 
ehUtacks = 8200 sicca weiffhL Wbiohts. — 1 maund = 40 seers e= 640 
ehiUaeks= 8200 mccm. The factory maund = 741b. lOoz. 10}dr. 
Ay. ; the bazaar maund = 82 lb. 2oz. Ifftdr. In Gold and Silveb 
Weight 1 anna = 6} rutties fs2S dhans or grains^ 100 p^nkhos ; 1 sicca 
= 10 mdssas =9^0 rutties; 1 tolah^^lOO rtf<<tM=224.588gr. Troy. 
1 mo^r=166J rutties, 

Monet. — ^Accounts are kept in sicca, or in current rupees, with 
their subdivisions, annas and pice. The sicca rupees bear a batta 
(premium) of 16 per cent, oyer the current. 1 gold mohur^lO 
sicca rupees = 6^ cahauns = 266 atmasss B072 pice or 1024 punns= 
20480 gundas, 4 cowries (a species of shell) make 1 gunda^ and 
2560 cowries = 1 current rupee. A-tsurrent rupee is worth about 
44 cents, and a sicca rupee, ^0.60: A lac of rupees »= 100000 
rupees. A crore »= 100 lacs. 

24. Canada. — See Quebec. 

26. Canton.— 1 K= 180 /a^Aonw sa= 1800 Chinese feet = lS97i 
Eng. ft. 1 covid or cobre = 10 punts = 14^ inches. There are no 
liquid or dry measures ; all articles that are usually sold by those 
measures, being sold in Canton by weight. 1 picul «= 100 catties 
or gins =1600 taels or lyangs = 16000 mace or tchens = 160000 can" 
darines or fivans = 1600000 cash or lis = 188J lb. Av. The mace, 
candarine, and cash are money weights. 

Monet. — Accounts are kept in taels, mace, candarines, and 
cash. The cash is the only coin made in China. It is composed 
of 6 parts of copper and 4 of lead, and is cast with a square hole in 
the middle, so as to be strung on a wire or string. The circula- 
ting medium consists principally of cut Spanish dollars. In cal- 
culations of prices, and of accounts between foreigners and native 
merchants, 720 taels = $1000. In weighing money for payments, 
716 taels = $1000, except to the Company*s treasujfy, when 718 
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taels B $1000, or to native merchants, not of ih.e co-hong, or to 
ship and house compradors, when 715 taels => $1000. A tael of fine 
silyer should be worth 1000 cash, but on account of their couTe- 
nience their price is often so much raised that only 750 are giyen 
for a tael. In the Custom-House estimate, the tael s= $1.48. 

26. Capi Towir.-rrl2 Rhyrdand mehe9 = l Rhynland foot ; 27 
Rkyrdand inches = 1 Dutch ell. In square measure, 1 moreen sss 600 
roods = 86400 square feet = 12441600 square inches. In com meas- 
ure, 1 load^= 10 muids = 40 schepeis = 80bu. 2pk. 6qt. yery nearly. 
In liquid measure 1 leaguer = 4 aams = 16 ankers = 256 flasks =s 
152 wine gallons. The weights are deriyed from the standard 
pound of Amsterdam, the 2oo<, ss-^j of a Dutch pound, being 
regarded as the unit. 

MoNST. — ^Accounts are kept either in pounds, shillings, pence, 
and farthings, (as in Great Britain,) or in rix dollars, schillings, 
and stiyers. 1 riz dollar = 8 schillings = 48 stivers = Is. 6d. 

27. Ceylon. — See Golumbo. 

28. Chili. — See Valpaeaiso. 

29. China. — See Canton. 

80. Chbistiania. — Measures and weights, same as at Copen* 
hagen. 

MoNBT. — 1 species dollar = 120 skillinffs=$lM, There are no 
gold coins made in Norway. 

81. CiviTA Vecchia. — The Roman foot = 11.72 inches English. 
The canna = 78.34in. The builders* canna = 87.96in. The 
barrel = 12.Sil imp. gallons of wine, or 12.64 imp. gals, of oil. 
The <oma of oil = 36.18 imp. gals. The rubbio of com =-8.148 
imp. gals. The libra or pound = 12 onct = 6912 ^rant = 5234gr. 
Troy. There are three cantaros or quintals, — of 100, 160, and 
250 lb. The miglia^io = 1000 libre, 

Monet. —1 seudo = 10 paoli =100 bajocchi = $1 . 00. 

32. CoLUMBO. — The principal dry measures are the seer^ which 
is a perfect cylinder, 4.35in. deep, and 4.35in. diameter, — and 
the parrah, which is a perfect cube, its internal dimensions being 
11.57in. on eyery side. The liquid measure, the weights, and 
the money, are the same as in Great Britain. A leaguer or legger 
= 150 gallons. A candy or 6aAar = 5001b. Ay. A nx dollar^ 
Is. 6d. 

-83. Constantinople. — The/^t^ or pike is generally estimated at 
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f ofayardEng. The 6cm =1 826yd. ; the Turkialmdles 1409yd. 
In com measure 1 fwixn = 4 kitloz «= 8.764 bushels. Oil and other 
liquids are sold by the alma or meter =:lg9l, 8pt. 

Weights. — 1 roUolo=:17Q drams; 1 oke = 2.272 rottoli; 1 quinUU 
or cantaro= 7 J baimaru = 44 okes = 124 lb. 7 foz. Av. The quintal 
of cotton is 46 okes = 127.2 lb. Av. 

Monet. — 1 piastre = 40 paras = 120 aspers =«= about 4 cents. 
The piastre is exceedingly yariable in its yalue, those coined in 
1764 being worth $0.60, and those coined in 1882 being worth 
only $0.03. A bag of silyer = 600 piastres. A bag of gold = 
80000 piastres. 

84. Copenhagen. — The Banish ell = 2 Rhineland /««^ = about 
25 inches. The Danish mile ^ 8244yd. In dry measure 1 last 
:fc 12 toendes or tons = 96 scheffels = 384 viertels = 47 J bushels. 
In liquid measure 1 quarto^ = 2 pipes ^^ 4 hogsheads = 6 ahms or 
ohms = 24 ankers = 240 gallons, yery nearly. A fuder of wine 
» 930 poU = 287^ gallons. 1 shippound ~ 20 lispounds = 820 
pounds.^ 852.81b. Ay. 

Monet. — 1 riz dollar = 6 marcs ?= 96 shillings. The rigshank 
dollar =■ $0.52. But the money generally used in commercial 
transactions is bank money, which is at a heayy discount. The 
old rix dollar, or species daler, is worth $1.05. 

85. Cuba. — See Havana. 

86. Dantzic. — 1 ell = ^ Dantzicfeet = 22.6 Eng. inches. The 
Rhineland or Prussian foot = 12.856 Eng. in. The Prussian or 
Berlin ell = 26J Prussian inches. The Prussian mile = 4.8 
English miles. The last of grain = 8| makers = 60 scheffels = 240 
viertels == 960 metzen = 91 bushels. The last of beer — 2 fuder= 
4 both = 8 hogsheads = 12 ahms = 48 ankers = 240 quarts = 620gals. 
1 pipe = 2 ahms. The ahm of wine = 39} gallons. 1 lispound= 
l^pounds=2e4 ounces = MiS loths = 17lb. Ay. 1001b. Dantzio 
= 103. 8 lb. Ay. 1 shippound = 8 centners = 380 pounds, 

Monet. — 1 thaler or dollar = 80 silver groschen = 360 pfennings 
=$0.69. Accounts are still sometimes kept in guldens, guilders, 
or florins. 1 rix dollar = S florins = 90 groschen = 210 schillings =s 
1620 pfennings = $0.49. 

87. Denmark. — See Copenhagen, Elsineub. 

88. Djidda. — See Alexandria. 

89. East Indies. — See Bombat, Calcutta, Madras, Tatta* 
40. Egtft. — See Alexandria. 



94 BiSASUBBS; WEIGHTS^ ETO. [ART. lY. 
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41. ELsnriuE. — ^The same as Oopenhaosk, except that the rix 
dollar is diyided into 4 oris instead of 6 marct, 

42. Galack. — See Constantinople. 

43. Genoa. — The pdlmo =^9,725 inches. The eanna pieeola, 
used hy tradesmen and manufacturers, = 9 palmi; the eanna 
ffroitay used by merchants, =12 j^aZmt; the Custom-House amna 
=^10 palmi. The braccio=2l palmi. In dry measure 1 wima = 
8 quarte=96 yom^e/Ze = 3 J bushels nearly. Salt is sold by the 
mondino of 8 mine. In liquid measure 1 mezzarola=^2 barilla =^ 
200inn«tf=39J gallons. The bariOa, of oa = 17 gallons. The 
pound is of two sorts ; the j9mo «o«tZ«=4891}gr. Troy, for weigh- 
ing gold and silver, and commodities of small bulk, — and the peso 
grostOy for weighing bulky articles. The cantaro of 100 lb. peso 
grosso = 76 lb. 14oz. Avoir. 

Monet. — 1 lira Italiana = 100 cente8imi=sl French franc. The 
lira was formerly divided into 20 soldiy and the soldo into 12 
denari. Sales of merchandise continue to be made, for the most 
part, in the old currency. 6 old lire di banco =6 new lire very 
nearly. 

44. Germany. — For weights and measures, see Bbemen, Dant- 
zic, and Trieste. The German short mile « 6859* yards; the 
German long mile = 10126yd. ; the Hanover mile =» 11569yd. ; 
the Hessian mile = 10547yd. ; the mile of Saxony = 9905yd. 

Monet. — The gold ducat =$2.24. The florin or ffttilder = 60 
kreut2ert=: 240 pfennings. By the Custom-House valuation, the 
florin of Nuremburg, Frankfort, and the Southern States of Ger- 
many =$0.40; the florin of Augsburg, Austria^ and Bohemia, = 
$0.485 ; the florin of St. Gall = $0.4036. The thaler or riz 
doUar = 30 groschen = 36*0 pfennings. The thaler of Saxony, 
Prussia, and .the Northern States of Germany = $0.69. The 
•guilder of Surinam, Cura9oa, Essequibo, and Demarara, is 
divided into 20 stivers of 12 pfennings each. Its value is fluctua- 
ting, but does not differ materially from that of the German 
florin. 

45. Gibraltar. — ^Weights and measures same as in England, 
except the arro6a= 251b. Av., and the fanega for grain, =l|bu. 
Wine is sold by the gallon, 100 of which = 109.4 IT. S. gallons. 

Monet. — ^Accounts are kept in current dollars, {pesosy) divided 
into 8 reals of 16 quartos each. 12 reals currency make a cob, or 
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hard dollar, bj which goods are bought aiid sold ; and 8 of these 
reals =5 Spanish reals vellon. 

46. Gbsbce. — See Pat&as. 

47. Hambuboh. — The Hamburgh foot = 11.289 inches. The 
Bhineland foot, used by engineers and land suryeyors, = 12.86in. 
The Brabant ell, used in the measurement of piece goods, =27.686 
in. A ton of shippings 40c. ft. Dbt Mbasubss. — 1 stock =H 
last=^Z tru^=80 scheffda =: 90 f ass =^ ISO hmUms=720 spmts = 
= 134.4bu. Liquid Mbasubbs. — 1 fiuUr = 6 ohms = 24 ankers or 80 
eimers = 120 viertels=240 stubffens=:^0 kanens=960 quarUers^ 
1920 o«Mci» =229}gal. U. S. Kfass of wine =4 oxhofts=6 tierces. 
An oxhoft or hogshead of French wine = 62 to 64 stubgens ; an 
oxhoft of brandy = 60 stubgens. A pipe of Spanish wine = 96 to 
100 stubgens. A tun of beer = 48 stubgens. A pipe of oil = 820 lb. 
Whale oil is sold by the barrel of 6 steckan=^Z2 gallons U. S. 
Weights. — 1 shippound=2^ centners =20 lispounds =2S0 pounds 
= 4480 ounces = 8960 lotks ; 100 Hamburgh pounds =106.8 lb. Av. 
In estimating the carriage of goods, the shippound is reckoned at 
8801bs. In things sold by number, a ffross thousand =1200 ; a 
ring =-2 grou hundred=2iQi a »maU thousand ^^1000 \ a shock 
= 8 steigs = 60 ; a gross = 12 dozen. 

Monet. — 1 foarc = 16 sols or schillings lubt^ =ss 192 pfennings lubs. 
Accounts are also kept, particularly in exchanges, in pounds, 
schillings^ and j9«nce, or grotes Flemish. The pound consists of 2\ 
crovms, 8} thaler s, 7} marcs, 20 schillings Flem. or 240 grotes Flem, 
The moneys in circulation are divided into banco and current 
money. The former consists of sums credited by the bank to 
those who have deposited bullion or specie, and is worth an agio 
or premium over current money. This agio is usually about 28 
per cent., but is constantly varying. Of the coins in circulation, 
the rix dollar 6£rnco = about $1, and the rix doUat current =$0.80, 
are the most common. The Hamburgh gold ducat =$2.07. The 
marc banco =■ $0.36, according to the Chistom-House valuation. 

48. Havana. — 108 varas = 100 yards. 1 fanega = 8 bushels 
nearly, or 106lb. Spanish. 1 quintal ^4t arroftcw = lOlf lb. Av. 
An arroba of wine or spirits = 4.1 U. S. gal. nearly. 

Money. — 1 dollar «= 8 reals plate = 20 reals vellon =* $1.00. A 
doubloon = $17. 

49. Hayti.— See Pobt au Pbinob. 

* Lubs Is a contraction for money of Lubeck. 
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50. Holland. —See Amstebdam. 
61. Japan. — See Nangasaoki. 

52. Java. — See Batavla. 

53. EoNiQSBEBG. — See Dantzio. 

54. Lagvatba. — ^Weights and measures the same as in Spain, 
with the exception of the British Imperial gallon. 

Monet. — The currency consists of silver money, called maeu- 
quena, 1 dollar = 8 realt = $0.75. The' money is veiy unequal in 
weight and purity. 

56. Leohobn. — 1 hr.aecio== 20 toldi=i 60 ^quatirim=^ 240 deruari 
« 22.98 inches. The canna = 4 bracci. The Tuscan mile = 1808 
yards. 1 barile = 20 fi<uchi = 40 boccali= 80 tnezzette = 12 IT. S. 
gal. The barUe of oil ^ 1 6 fituchi = 8. 83 U. S. gal. ; it weighs about 
16 lb. Ay. a large jar of oil contains 30 gallons ; a small one 16 ; 
and a box with 30 bottles contains 4gal. Corn is sold by the sack 
or iocco = 2.0739bu. U. S. The pound is divided into 12 ounces, 
96 drachms, 288 denari,and 6912 grani, and is equal to 5240gr. 
Troy. The quintal or centinajo = 100 pounds = 74.884 lb. Av. ; but 
in mercantile transactions, on account of tares and other allow- 
ances, it is usual to estimate 100 lb. of Leghorn =* 77 lb. Ay. The 
cantqro is generally 160 lb., but a oantaro of sugar » 151 lb. ; of oil 
n>88 lb. ; of brandy ~ 120 lb. ; of stock fish, and some other arti- 
eles«1601b. The rottofo = 3 lb. 

Monet. — ^Accounts are principally kept in pezze di otto reali, (or 
dollars of 8 reals,) the pezza being divided into 20 soldi or 240 
denari. The lira is another money of account, chiefly used in 
inferior transactions, and subdivided like the pezza, 1 pezza = 6| 
lire. The moneys of Leghorn have two values, moneta buona^ oi 
the effective money of the place, and moneta lunga, which is worth 
32^3 more than moneta buona. The pezza of account = $0.87 ; the 
pezza lunff a ==^$0.9076. The Tuscan <ctMib or crowh^ $1.05. It 
was subdivided like the pezza, 

56. Lima. — See Cadiz. 

57. Lisbon. — 1 bran^a=s2 var<M==8J covados or cubits = 16 
/>a/mM = 86.4 inches. Th% palmers 2 pes or feet. The l^oa^ 
6760yd. In liquid measure, 1 tonnelada=^2 pipes=sS2 almudes; 
1 6an7 = 18 almudes; 1 almude ^^ 2 potes=^ 12 canadas ^=4S guar- 
tellos = 4.37gal. U. S. The value of the almude in different parts 
of Portugal varies ftrom 4J to 6{ gallons. The principal diy meas- 
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ore is the moyo=^W /an^<u=» 60 alquUre$'»240 quMrtOi'^^BO 
Mdemis = 28.08bu. U. S. The alqui^re yaries in different parts of 
Portugal from 8.07 to 8} dry gallons. 1 quintal t» 4 arro^atn 88 
arratelt or pounds = 176 marct = 1408 ctmces » 89.047 lb. At. 

Monet. — 1 milree == lOdO rees:= $1,12 msUver, The milree of 
the Azores = $0.83^ ; the milree of Madeira » $1.00; the milree 
of Brazil is fluctuating in Talue. In the notation of aooounts,. the 
milrees are separated from the rees by a crossed cypher (®), and 
the milrees from the millions by a colon (:), thus, Bs. 2:7009600 
ss. 2700 milrees and 500 rees. The crusado of exchcmffe or old 
cru8ado = 400 rees; the new cnuado^iiSO rees ; the tetto^naelOO 
rees; the i;tntem=20 rees. 

58. Madras. — The gareef com measure, =80 ^araA«= 400 mar' 
<;aZ9=137bu. U. S. nearly. The marcal^S }niddiess=QA oUucks, 
When grain is sold by weight, the garce = 9266} lbs. Goods 
are weighed by the candy of 20 maundt = 500 lb. At. 1 mounds 
8 w = 40 seen = 820 poUams s= 8200 pagodas. These are the 
weights adopted by the English, but those used in the Jaghire, 
(the territory round Madras belonging to the Company,) and in 
most other parts of the Coromandel coast, are called the Malabar 
weights; They are the gunay or ^arc6=20 haruays or candikt^ 
400 manungha or matmd!»= 9645} lb. At. The «nat<mf=s8 visay or 
VM = 820 j9o2/a7n« = 8200 varaAufM. 

MoNEY.-^The East India Company and European merchants 
keep their accounts at 12 fanams the ru|)ee. 1 pagoda^Z\ rupeet 
= 42 fanams = 8860 ca»A. The itar (or carreni) pagoda » $1.84. 

69. MaIabab. — See Madras. 

60. Malacca. — See Sinqapore. 

61. Malaga. — The arrofta or cflntora = 4. 19gal. 0". S. The regu- 
lar pipe of Malaga wine contains 85 arrobas, but is reckoned only 
at 84; a hota of Pedro Ximenes wines =58} arrobas; a beta of 
oil is 48, and a pipe 85 arrobas ; a carga fit raisins is 2 baskets, 
or 7 arrobas; a cask contains as much, though only called 4 
arrobas. For other measures, weights, and coins, see Cadis. 
Accounts are kept in reals of 84 maraTedis Tellon. 

62. Malta. — 1 canna = Spalmi= 2f yd.* The Maltese foot = llj- 
inches. The cajiso or measure for oil=5}gal. U. S. The salma 
of com, stricken measure, = 8.22bu. U. S. ; heaped mefisure is 

*■ This is the allowance usually made by merchants, in conTerting 
Malta into English measure. In reality 1 cdnnavs 8.19 inches ; I cau' 
tero=174Ub. Av. 

7 
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reckoned 16 per cent. more. The eantaro x=100 rottoU or pounder 
= 8000 ofM^=1751b. At.* 

MoNiT.— In 1825 British silrer money was introduced into 
Malta ; the Spanish dollar being made legal tender at 4s. 4d ; 
the Sicilian dollar at 4s. 2d. — and the Maltese scndo at Is. 8d. 
The seudo^U tan^240 ^om =$0.40. 

63. MANiLLA.^-The same as Cadiz, except that weights are 
estimated by piastres, 16 piastres are estimated = 1 Spanish 
pound, though they are not quite so much. 1 tale of silk =11 
piastres or ounces; 1 catty ^^ 22 piastres; 1 mare of silyer=8 
piastres; 1 tale of gold = 10 piastres; 1 picul= 100 catties =: 
188^ lb. Av. ' 

64. Maubitius. — See Poet Louis. 

65. Mecklenburg. — See Rostock. 

66. Mexico. — See Cadiz. 

67. Mocha.'— The ^uz= 25 inches; the land covid=lSin,; the 
long iron coyid = 27in. 1 euda, liquid measure, = 8 nusseahs = 128 
vakias = about 2gal. U. S. Grain is measured by the kdUth, 40 
of which = 1 tomand = about 170 lb. Av. 1 hahar = Xbfrazds = 150 
mat4fu2s=400 ro^toZt=6000 vaA:ia«=4501b. At. There is also a 
small maund of only 80 vakias; 1 Mocha bahar=16} Bombay 
maundB = 13 Surat maund8= 15.128 seers. 

Money. — The current coins of the country are carats and com- 
massees ; 1 Spanish dollar = 8 Mocha dollars = 60 commassees= 420 
carats. 

68. MoQADOBB. — The canna or cubit =21 inches. The com 
measures are, for the most part, similar to those of Spain. The 
commercial pound is generally regulated by the weight of 20 
Spanish dollars, therefore the quintal of 100 lb. = 119 lb. At. The 
market pound for provisions is 50 per cent, heavier. 

Money. — 1 nutkeel or ducat =10 ounces =^4tO blankeels=9Q0 jluce 
-=$0.75. 

69. Moldavia. — See Galacz. 

70. Montevideo. — For weights and measures, see Cadiz. The 
current coins are the Brazilian patacon and Spanish dollar. 1 
hard ^6)1b.t ^=\\ current dollars = 960 centesimos or cents = $1.00. 
1 r«aZ= 100 centesimos. 

71. MoBocco. — See Mooadobb. 

• See Note on Page 97. 
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72. Muscat. — 1 mmmds=24 euehat=Si\\), At. 

MoKXT. — 1 mamooify=20ffog=shbimt$0.06. The coins in oir- 
dilation are generally sold hj weight. 

78. Naxgasaoki. — ^The me is about 4 Chinese onbits, or 6}ft. 
2i Japanese leagaes are computed to be about 1 Dutch league. 
The rerenues are estimated by two measures of rice, the man and 
kolf; the former contains 10000 kolfs, each 3000 bales or bags of 
rice. The jneul^lOO catHei=ieOO taeU=lQ0O0 moMslGOOOO 
eandarmes =9,hoxii 1301b. Ay. It is, howeyer, generally estimated 
at 183} lb. 

Money. — ^Accounts are kept in tads, mace, and candarines. 
The Dutch reckon the tael at 8} florins, or $1.40. The coins in 
circulation, are the old and new itjiby and eobanfft or copangSy of 
gold, — the nandioffin, itagannet and kodama^ of silyer, — and the tent, 
of copper, brass, and iron. Most of them are without any deter- 
mined value, and are therefore always weighed by the merchants. 
The schuit is a silver piece, lloz. fine, weighing 4oz. ISdwt. 16gr. 
Troy. 

74. Naples. — 1 earma == 8 palmi = 96 cnzie == 6ft. llin. 1 talma 
of oil=:16 ttaje ^26Q quarH=lbB6 mitmette. At Naples, the 
salma = 42f gal. U. S. ; at Gallipoli it is from 8 to 4 per cent, less ; 
at Bari it is a little larger. The earro of wine = 2 botti or pipes 
e= 24 banli = 1440 carafe = 264gal. U. S. The earro of com = 86 
iomoU = 62.2hvL U. S. The cantaro groMo = 100 rottoU:x^ 196} lb. 
Av, The cantaro piceolo = 106 lb. Av. 

Monet. — 1 dttcato di regno = 10 carlmi = 100 grani = $0.80. The 
seudo of 12 carlini — $0.95. 

76. NoEWAT.--See Chbistiania. 

76. Palebmo. — The yard or canna =» 8 j^oZmt = 85yd. U. S. The 
tonna of liquids =2 eajffm^^^ barili^S quartare^^ 160 quartueci 
s= 9|gal. U. S. The salma grossa = 9.48bu. ; the salma generaU ss 
7.62bu. The cantaro grosso =3 100 rottoli grom of 88 omicy or 110 
rottoli sottiU of 80 onzU, The cantaro tottUe s 100 rottoli totiili, or 
250 lb. of 12 omie. The rottolo grosso = 1.98 lb. Av. ; the rottolo 
sottile = 1.75 lb. Av. ; 100 SiciUan pounds of 12oi. =» 701b, Av. 

Monet. — 1 ducaio = 10 piccioU = 100 bajocchi — $0.80. Accounts 
are generally kept in oncie, tari, and grani. 1 oncia = dO tari = 
600 grani ^B ducati, 

77. Papal States. — See Oivita Yxoohia. 



100 HEASUBES; WEIGHTS; ETO. [ABT. IV. 

78. Patbas. — ^The long pie, for measuring linens and woollens, 
*=271n. The short pic, for measuring silks, = 25in. The ttaro 
of com=2Jbu. U. S. The quintal is divided into 44 okes, or 
132 lb. 100 lb. of Patras = 88 lb. Av. Silk weight is J heayier. 

MoNBY.-^l phcenix or drachma ==100 Itpta. The phoenix is a 
silver coin, which should contain ^ of pure metal, and be worth 
about 16 cents. The lepton is a copper coin. The coinage has 
been greatly debased. 

79. Pbrsia. — See Bushirb. 

80. Peru. — See Lima. 

81. PsTEBSBimo* — 1 scuhen or fathom =8 artheen8'=4S wershok 
r=7ft. 100 Russian feet = 114} Eng. ft The vertt, or Russian 
mile = 600 tcuhen = 6fur. 12r. The Polish short mile = 6076yd. ; 
the Polish long mile = 8101yd. The English inch and foot are 
used throughout Russia, chiefly, however, in measuring timber. 
In liquid measure, 1 sorokovy = 40 wedro8=Z20 krashkas = ^620 
tsharh/8 = ISOgel. U. S. 1 pipe = 2 oxhoftt = 12 ankers = BQ 
wedros = 480 bottles. 1 chetwert of com = 2 osmins ^ 4 pajoeks =s 
8 chetwerieks = 64 gamitz = 6.962bu. U. S. 1 herhmtz = 10 
poods = 400 pounds = 12800 loths = 88400 zolotnieks =860 lb. 
Av.» 

Money. — ^Accounts are kept in bank roubles of 100 copecks. The 
silver rouble =$0.76, and was declared, by a ukase issued in 
1829, to be worth 360 copecks, but the value of the paper rouble 
fluctuates with the exchange. At the Custom-House, it is esti- 
mated at $0,214. 

82. Philippine Islands. — See Manilla. 

83. Port au Prince. — The measures are the same as in France. 
They are divided as in Avoirdupois and Apothecaries' weights, 
but are about 8 per cent, heavier. The value of the dollar is 
about ^$0.83, but is constantly fluctuating. 

84. Port Louis. — The measures and weights are those of 
France, previous to the Revolution. 1001b. Fr. = 1081b. Eng. ; 
16 Fr. ft. = 16 Eng. ft. The commercial velte = 2 gallons. 

Money. — Government accounts are kept in sterling money, the 
franc being received for lOd., and the Spanish dollar for 4s. 4d. 

*■ The pood is reckoned by merchants at 36 lb. 100 lb. Russians 
90.26 lb. Av., according to Dr. Kelly, or 90.191b. according to Nelken- 
brecher. 
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Merchants keep their accounts iit dollars uid cents, or in dollars 
liyres, and sous. 

86. PoETO Rico. — See Havana. 

86. PouTUOAL. — See Lisbon. 

87. Peussia. — See Dantzic. 

88. Quebec. — The Paris foot is used for all measures of lands 
granted preyious to the conquest, and all measures of length, 
unless a contrary agreement is made. The English foot, foi 
measuring lands granted since the conquest, and whenever spe- 
cially agreed upon. The English yard for cloth measure. The 
English ell of 5qr. when specially agreed upon. The Canada minot 
= 1 j^bu. for dry measure, except when it is specially agreed tha^ 
the Winchester bushel shall be used. The Eng. imp. gallon is 
used for liquids. Weights and currency, as in England. The 
pound =$4.00. 

89. Bamgoon. — 1 ten or basket = 4 8ait8= 8 8arots=16 ppis=s 
64 saUs = 128 latnSs = 256 lamyets. A ten of clean rice ought to 
weigh 16 VM or 68.4 lb. Av. 1 pa^ktha or t>M = 100 kyaU or ticals 
= 400 mafhs == 800 witw = 1600 6aM = 6400 large rw^s = 12800 
tmaU rwii = 3.66 lb. At. 

Money. — Lead is used for small payments; gold and silyer, 
(principally the latter,) for larger ones. There are no coins, but 
the metal must be weighed, and, yery generally, assayed at every 
payment. Every new assay of silver costs th^ owner 2J per cent. 

90. BiQA.— 1 clafter = S «/ia = 6 /ec«=64.74in. 1 fuder, for 
liquids, = 6 ahms = 24 ankers = 120 quarts = 720 stoofa = 248gal. 
U. S. The loof for grain = 1. 9876bu. AUut = 4S loofs of wheat, 
barley, or linseed, — 46 loofs of rye,— or 60 loofs of oats, malt, or 
beans. 1 ehippound = 20 lispounds = 400 pounds = 800 marcs =» 
12800 lotks = 868.68 lb. Av. 

Monet. — See Petebsbubg. The current rix dollar of Biga=» 
90groschen==$0.69. 

91. Rostock.— 1 ea=2 feet = 22.76 Eng. in. The last = 96 
seheffels =116 imp. bu. of oats, or 104 imp. bu. of other grain. 
The commercial weights are the same as those of Hamburg. 
There are other weights, 6 per cent, heavier than these, which 
are principally used in the trade with Russia. 

Money. — The rix dollar, new, = 32 schillings, and contains 
199.1gr. pure silver. 
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92. BuBBiA. — See Pbtkrsbubg and Riga. 

98. SaijONioa. — Weights and measures same as at Constanti- 
nople, except the kislos or killaw, which = S.78 kisloz of Smyrna. 

MoNBY. — Aooounts are kept mjnastret of 40 paras, or 120 atpen. 
The coins are those of Constantinople. 

94. Sabdihia. — See Caguabi and-GsNOA. 

96. SiAM. — See Bangkok. 

96. Sicily. — See Palbemo. 

97. SiMDi.— See Tatta. 

98. SiKGAPORB. — English weights and measures are frequently 
used in reference to European commodities. Piece goods and 
many other articles, are sold by the corge or score, A coyan of 
rice qr salt = 40 picuU, Nearly eyerything is sold by weight, as 
in China. The pieul = 100 eatiies = 138} lb. Ay. Gold dust is 
sold by a Malay weight, called the bungkal, = 832gr. Troy. Bengal 
rice, wheat, and pulses, are sold by the bag, containing 2 Bengal 
maunds, or 164 J lb. Ay. 

Money. — Merchants' accounts are kept in Spanish dollars, 
diyided into 100 parts, represented either by Dutch doits or by 
English copper coins of the same yalue. 

99. SuYBNA. — See CoHSTANTiNOPLB. The A:tf^2s=1.456bu8heLi. 

100. South Africa. — See Cape Town. 

101. Spain. — See Alicant, Barcelona, Cadiz, Gibraltar, and 
Malaga. Vellon is the old copper coin of Castile, and is of but 
half the Yalue of the plate or silYer currency. 

102. Stockholm. — The rod= 2ifathopit = S eUs or altuu =16 
feet = 16.68 Eng. ft. 1 pipe = 2 oxhofts = 8 ahme = 6 eimere = 12 
ankere = 180 kannor = 860 stup = 124Jgal. U. S. In com meas- 
ure 1 tun or barrel = 2 tpann = 8 quarts = 82 kappor = 4Jbu. TJ. 
S. The yictuali or commercial weights are 1 skippund = 20 lis- 
punds = 400 punds = 376 lb. Ay. The iron weight-s are four-fifths 
of the yictuali. 1 iron skippund = 20 mark punds = 400 marks s 
800 lb. Ay. 

Money. — For many years, there were no coins except copper in 
circulation, but both silTor and gold are now coined. 1 rix dollar 
= 48 skillings = 676 rundstycks or ^ore. The banco currency is 
worth 80 per cent, of the silyer currency. A rix dollar banco is 
worth about $0.40. A silver rix dollar = $1.06 = 2 dollars 82 
skillings banco. 
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103. SwsDBN. — See Stockholm. 

104. Tatta. — 1 guz = 16 garcet = 82 inches. But 1 guz of 
cloth, at Tatta = 84 inches. 1 earval of wheat = 60 co99a» = 240 
tufiers = 960 puttoes = 22 Pocoa maunds, or 21 Bombay parmhs. 
The gross weights are 1 maund = .40 teert = 640 anntu = 2560 
pice = 74 lb. 602. 7dr. Av. The small weights, 1 tolah = 12 maa^ 
908 = 72 rutteei = 676 hubhdha = 1728 moofu = about 6 dwt Troy. 

^MoNBT.— 1 rupee = 60 carivaU = 600 pice = 28800 cotoriea =» 
$0.66. 

106. Tbibstb. — The Bohemian mile = 10187 Eng. yd. ; the Hun- 
garian mile =s 9118 Eng. yd. The ell for woollens = 26.6iB. ; the 
ell for silk » 26.2in. J£he oma or eimer, liquid measure', « 40 
boccali = about 16gal. U. S. The barUe = 178Jgal. U. S. The 
orna of oil = 6 J cajin = 17gal. U. d. The principal dry meas- 
ure is the etaj'o or ttaro = 2.84bu. IT. S. Sometimes the Vienna 
metzen is used, = 2 polonicke = 1.728bu. The commercial pound 
= 4 quarters =16 ounces = 82 lotke = 8689gr. Troy. 

Money. — Contracts are usually in silver; gold coins, not 
being legal tender, pass only as merchandise. Mercantile ac- 
counts are usually kept in convention money, so called from an 
agreement made by some of the German princes in 1768. The 
current coins are dollare, hat/'doUart or florine, and zwanzigere, or 
pieces of 20 kreutzers. Ten dollars are coined out of the Cologne 
marc = 8608gr. Troy, of pure silver. The florin = 60 kreutzere 
= 240 pfennings = $0.48J. 

106. Tunis. — The pie for woollens = 26.5in. ; the silk pic = 
24.8in. ; the linen pio=18.6in. The principal oil measure is the 
metal or mettar =B.'boTii 6^gal., but it is of different dimensions in 
different parts of the country. The wine measure is the miUerolle 
of Marseilles = 6 J- mt>e8= 14.1 imp. gal. The principal com 
measure is the co/Sz = 16 t^Atftoi 3=192 «aAa«=:14J- imp. bu. The 
cantaro = lWi rottoli or pounds = 111.06 lb. Av. Gold, silver, and 
pearls are weighed by the ounce of 8 meticols; 16 of these otmces 
make the Tunis pound = 7778. 6gr. Troy. 

Money. — 1 piastre ^16 earobas=62 nepers = 62^ burbinc^* 
$0.24. The piastres coined since 1828 are worth but $0,126. 

107. TuEKEY. — See Constantinople and Salonioa. 

108. Tuscany. — See Leohoun. 
109 Ueuguay. — See Montevideo. 



104 MEASURES, WEIGHTS, ETC. [ART. IV. 

110. Valpaeaiso.— The vara =* 83.884in. The faneffa, or prin- 
oipal com measure, contains 8489 c. in. The quintal = 4 arrobas 
mm 100 poundi s 101.44 lb. Ay. See Cadiz. 

111» yBirxsinBLA.-^ee Laguatka. 

112. Vwnoi.— The woollen ftrocoo = 26. 6in.; the silk braccio 
■»24.8ln.; the Venice foot =» 18. 68in. The 6o«a=2 miffUaJe=& 
b^orm = 80 miri. The nUro of oU = 4.028gal. U. S. , or 25 lb. peso 
gro%9Q, The anfora of irine = 4 higomi = 8 rnasUUi = 48 secchii =s 
192 6of«8=i768 quartusizi^lS7gaL U. S. The moffffio, for corn, 
— t4»^ve=16 quarter Q4 ytiartoro«=9.08bn. U. S. 100 lb. peso 
fffotto — 105.186 lb. At. ; 100 lb. peso soUOe = 66.428 lb. Av. The 
Ubra IkUiana is sometimes used, and is equiyalent to the French 
kilogramme. 

MoNiT.— 1 lira Italiana =^100 centedmi=1000 miUesiml The 
lira is supposed to be of the same value as the f^anc, but the lire 
Actually in circulation, are worth only about $0.09. At the Cua- 
torn-House, the lira is estimated at $0.16. 

■ 

10» Ancient Measures, Weights, and Coins.' 

1. SORiPTimB Lom» MsAStmB. — 1 schoenus-=\0 Arabian poles =: 
1S| Siskists reeds = 20 fathoms = 80 cubits = 1 60 spans = 480 palms 
«tl920 di(^=:46.2 yards. A day's journey =^^ parasanffs = 24 
§Mttm miles = 48 Sabbath-day* s journeys =■ 240 stadia = 96000 cubits 
Ml 88.264 miles. Liquid Measu&i. — 1 coron or chomer= 10 bath or 
^AasSO waA=60 Atii=180 cab = 720 %=960 cajt>A=103.85 
gallons. Dbt Mbasu&b. — 1 coron or ehomer=^2 latech ^ 10 ^ha 
« 80 MoA = 100 ^omor =« 180 ca6 = 8600 yachal = 10. 9616 bushels. 
VrBiQaTS.^! talelU=^^0mansh=^0OOshekel=lUlb. Troy, nearly. 
MoNiY.^l taUnt^^O maneh^ZOOQ shekels =^6000 bekah = 60000 
f«r«A»£842 88. 9d, A talent o/5roW= £6476. The soUdus aureus 
or ««»«i<l«nl28. Od. 2qr. The sidus aureus =£1 16s. 6d. 

a* Qbboian Long Mbasurb.— 1 mUion or mile=8 stadios, dulos, 
w fVirlongs ■= 800 oryya or paces = 8200 peehys or larger cubits = 
H%iO pyfnm^i26^ pyym* or cubits = 4800 />oi«« or feet = 6400 
^A«tH« wm 6981 /r wrtkodoron =x 7680 diehas = 19200 doron or 
d^thme - 76800 dtietylos or digits - 4886 feet. Liquid Mbasube.— 
1 ms&fHs - 12 thous - 72 xsstes « 144 eotyle =- 676 oxybaphon = 864 



• MoCuUoch, GrHory, Brinde, Uvoiane, Enc Aroer. 
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eyathot = 1728 conche ^ 8456 mystron = 4820 eheme s 8640 eochUo' 
rum = 10.885 gallons. Dby Mbasube. — 1 medimnos =4S ehamxzn 
72 xeates » 144 cotyU = 576 oxybaphon =± 864 eyaMo« =8640 eocU- 
2tarum = 1.0906 bushels. Wbiqhts.— 1 talent = 60 mm<B = 6000 
drachma = 86000 obolos = 56 lb. Av. Money. — 1 tetradraehma op 
stater = 2 didrachma =s 4 drachma = 6 tetroboUm = 12 diobolon => 
24 o6oZo« = 48 hemiobolos = 96 dtchaUoa = 192 eAalco« = 1844 
leptonsss 28, 7d. Tbe pentadrachma=^ drachm<L The drachma 
and its multiples, were of silver, — the other coins, mostly of brass. 
The «to<«r aur«tM = 25 Attic drachmas of silver. The stater Cyxir 
eenutf stater PkUippicuSf and stater Alexandrinus = 28 silver 
drachmas. The stater Darieus and stcUer Cnesitu ==■ 50 silver 
drachmas. 

8. Roman Long Measubb.^^1 milliare =: 8 stadia ^ 1000 passiu 
= 2000 gradus = 3333 J cubits = 4000 palmipedes = 5000 pedes or 
feet = 20000 j^aZmi witnorea = 60000 wntficB=80000 (fi^'^t ttansvtrsi 
= 4885 feet. Squabb Mbasubb. — 1 as = l^^ deunx==\\ dextans 
= 1J- dodrans = H be8=il^ s^tunx=^ semis or actus major =^2^ 
quincunx = S triens=^4 quadrans=^6 sextans or actus minimus = S 
clima or sescunda = 12 uncia = 288008q. feet. Liquid Mbasubb.— 
1 euleus = 20 amphorod = 40 wmcB = 160 congii =: 960 sextarii = 1920 
A<mmaJ = 8840 g'Martom = 7680 aceto6ttte = 11520 eya«At= 46080 
Z^uto = 148.4258 gallons. Dbt Mbasubb. — 1 modius = 2 semimodU 
= 16 sextarii = 82 hemincB =^ 128 acetabula = 192 cyathi:=. 768 2t]^uto 
= 1.01 41 pecks. Weights. — 1 Ztira = 12 uncus = 86 duelke = 48 
sicilici = 72 sextulcp = 624Qgr. Troy. Monet. — 1 denarius =2 
quinarii or inctorMtrt = 4 sestertii = 10 libella or ««« = 20 sembelks 
=3 40 teruncii =^ 7d. 8qr. All above the as, (and sometimes the 
as also,) were of silver, the rest of brass. The gold coin was the 
aureuSf which generally weighed double the denarius, and was 
about equivalent to 18 denarii in value. 

4."Vabiou8 Ancient Mbasubes. — The Olympic stadium ^202 
yards ; the Alexandrian stadium =x 110yd. ; the Egyptian stadium 
= 245yd. ; the stadium of Aristotle = 115yd. ; the Persian parasang 
^ 6440yd. ; the Egyptian schosne = 11120yd. ; the ancient Spanish 
mile = 1374yd. ; the ancient British mile = 148yd. ; the league of 
Gaul = 2446yd. ; the rasta of Germany = 4705yd. 

[These measures are given principally on the authority of 
Lavoisne.] 
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§ 17. Examples for the Pupil 

1. The great bell of Moscow was cast in 1653^ during 
the reign of the Emprete Anne. Its weight is estimated at 
198tons 2cwt. Iqr/ To what would this be equivalent in 
Troy weight ? 

2. In the first year after the discovery of gold in Califor- 
nia, the amount collected is supposed to have been about 
$5000000. Estimatiiig its average value at $16 per oz. Troy, 
whsvt would be the weight of the whole in Avoirdupois ? 

3. Find the weight in Troy grains of the French twenty- 
franc piece of gold; and also of the silver five-franc piece. 

4. The distance from Boston to LiverpooP is about 2883 
statute miles. At the ayerage rate of 8 knots an hour, in 
what time would a vessel sail from one of these places to 
the other ? 

5-10. On the Cathedral of Paris a bell was placed in 
1680, which weighed 340cwt. ; a bell was cast in Vienna; 
in 1711; weighing 354cwt. ; in 01m£ltz is one of 358cwt. ; 
the SusannCy a fine-toned bell at Erfurt; which has a large 
proportion of silver in its composition; weighs 275cwt.; and 
has a clapper weighing llcwt.* Reduce each of these 
weights to kilogrammes; and find the amount of the whole. 

Am. for the amount; 67966.308kil. 

11-15. Great Tom; of Christ Church; Oxford; weighs 
17000 lb. ; Great Tom of Lincohi, 9894 lb. ; the bell of St. 
Paul's, London, 8400 lb. ; a bell at Nankin, China; is said 
to weigh 50000 lb. ; and seven at PekiU; 120000 lb. each.* 
Required the weight of each in Amsterdam ponds. 

16-25. Reduce the span and height of each of the fol- 
lowing bridges;^ to the measure required in the right-hand 
column. 

*■ Enc. Aroer. ^ Cunard Steamers. < Brande*8 Enc. 
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Name of Bridge. 


Material River. 


Place. 


Wilest Arch. 


Jtate. 

1813 
17M 
1818 
1796 
1809 
1804 
1454 
1806 
1816 
1771 




Span. 


Heijchf. 




Colossus 

Piscataqua . . . 
Southwark . . . 
Sunderland. .. 

Bamberg 

Trenton 

Vielle Brioude 
Ulm 


Wood Schuylkill {Philadelphia 
< ' P iscataqua Portsmouth 
Iron Thames London 
*' Wear Sunderland 

Wood Regnitz Germany 
" Delaware New Jersey 

Stone Allier [Brioude 
" Danube Ulm 
«* Thames London 
*' Thames London 


340 ft." 20 ft. 
250 *'27)i" 
240 *'24 ♦* 
240 «'30 «* 
208 " 17)i*' 
200 " 32 " 
1831^" 70 Jl^" 
181^"22j|^" 
120 "32 " 
100 *'41j^" 


Tur'h piks. 
Swedish ft. 
Ams.palms. 
Prussian ft. 
Bremen ft. 
Venice ft. 
Fr. metres. 
Dantzic ft. 


Waterloo .... 
Blackfriars . . . 


Script, cub. 
Russian ft. 



26. Reduce 2 tons IScwt. 3qr. 171b. to Canton weight. 

27. Reduce 159 taels 3 mace 5 candarines 7 cash to 
Troy ounces. ' Aru. 193.663oz. 

28. In some places milk is sold both by beer measure 
and by wine measure. To how many wine gallons would 
the difference amount in a year, in a family that takes 2qt. 
per day ? 

29-38. At $4.84 per pound sterling, what is the cost per 
c. ft. in English money, of each of the following public 
buildings ? 



U S. Public Buildings. 



Contents.^ 


Cost.b 


4147400 c. ft. 


$2250000 


1944740 " 


648743 


1466660 " 


417660 


1071252 " 


462765 


2646485 " 


1427800 


906000 " 


960000 


780000 " 


776000 


680618 " 


267452 


821070 " 


888000 


1646000 " 


216000 



Capitol 

Treasury Building 

Patent Office 

General Post Office 

Girard College 

New York Custom-House . . 
Boston Custom-House .... 
Philadelphia Custom-House . 
Trinity Church, New York . 
Smithsonian Institution . . . 

39. If you had a pair of scales, but no weights, how 
would you weigh 31b. 7oz. by using water? 

40. How many cents weigh a pound Avoirdupois ? How 
many eagles ? How many half-dollars ? 

* This was the largest single span in the world. The bridge was 
destroyed by an incendiary, September 1, 1838, and a wire suspension 
bridge has since been erected in its place. 

" R. Dale Owen. 
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41. At $0,186 per franC; what would be the value in 
francS; of a diamond weighing 15 carats, at $86 for the first 
carat ? Ans. 43548fr. 40c.* 

42. What is the value in Federal Money of the French 
twenty-franc piece, provided the gold is of the present mint 
standard; and of full weight ? 

43-44. The largest known diamond was found in Gol- 
conda, in 1550; and is in the possession of the Great Mogul. 
It is half the size of a hen's egg, and is said to weigh 900 
carats.** In the usual mode of estimating diamonds, what 
would be its valuC; at $9 for the first carat ? What is its 
weight in ounces Avoirdupois ? ^ 

45-50. The Greeks reckoned by the era of the Olympiad, 
which began at the summer solstice; 776 B. C. The Roman 
era commenced with the building of the city; April 24; 
B. C. 753. The Julian era dates from the reformation of 
the calendar by Julius CsBsar; B. C. 45. The Mohammedan 
era dates from the Hegira; July 16; A. D. 622. The era 
of Sulwanah; used in a great part of India; corresponds with 
A. D. 78. The era of Yezdegird, used in Persia, began 
June 16th; A. D. 632.** Find the time that elapsed between 
each of these dates and the commencement of the Jewish 
era; 3760 B. C. 

51-67. Find the value of 100 lb. Av. in the commercial 
weights of each of the following places: Alexandria, 
Amsterdam; Bombay, Bremen; CadiZ; Calcutta; Canton, 
Civita Yecchia; Constantinople; Hamburg; MadraS; Naples, 
Patras; Petersburg; Stockholm; Trieste; Venice. 

68. Newly burned charcoal will absorb 90 times its bulk 
of ammonia, or 35 times its bulk of carbonic acid.'' How 
many cubic inches of each of these gases ^would be absorbed 
by 17 cubic feet of new charcoal ? 

*■ No fraction of a franc is counted, less than 5 centimes. For the 
method of estimating the value of diamonds, see ^ 12, p. 73. 
**0rande. « Carpenter. 
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69. A spider's thread is in some instances no more than 
'sVuT) ^^ ^^ ^^^^ ^ diameter. Each thread is formed of 
from 4 to 6 filaments, and each filament of not less thim 
1000 fibrils.' How many fibrils would occupy a foot in 
breadth, allowing 1100 to a filament, 5 filaments to a thread, 
and 3000 threads to an inch ? 

70. A large sunflower has been observed to lose 1 lb. 4ox. 
during 24 hours by evaporation, and a cabbage lost 1 lb. 3oz. 
during the same time.** At this rate, in what length of 
time would the evaporation from each plant amount to Icwt. ? 

Am. Sunflower, 89d. 14f h. 
Cabbage, 94d. 7j^h. 

71. Find the value of each of the French weights and 
measures, in the weights and measures of the United States. 

72-81. Only 4 of the 55 chemical elements' seem to be 
essential to the constitution of living matter, viz : Carbon, 
Hydrogen, Oxygen, and Nitrogen. What weight of each 
element is contained in Icwt. of each of the following sub- 
stances, the weight of 1 part of Carbon being represented 
by 6, 1 part of Hydrogen by 1, 1 part of Oxygen by 8, 
and 1 part of Nitrogen by 14 ? 



Gum. 


Sugar. 


Starch. 


Lignin. 


Wax. 


Carbon, 414 parts. 


421 


428 


500 


806 


Hydrogen, 65 " 


64 


63 


56 


114 


Oxygen, 521 " 


515 


509 


444 


80 


1000 " 


1000 


1000 


1000 


1000 


Gluten. 


Gdatin. 


Albumen. 


Fibrin. 


Fat. 


Carbon, 557 parts. 


483 


516 


520 


790 


Hydrogen, 78 " 


80 


75 


72 


118 


Oxygen, 220 " 


276 


259 


250 


92 


Nitrogen,^ 145 " 


161 


150 


158 


00 


1000 " 


1000 


1000 


1000 


1000 


* Carpenter. 




1 


^ Griffiths. 
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82. Human hair is from t^Jq ^ ^iu ^^ &^ ^^^ ^ diame- 
ter. How many hair's breadths in 49 jards; if there are 
370 in an inch ? 

83. Estimating the entire population of the world at 
1000000000, what would be the size of a field that would 
hold the whole, if each petson occupied 1 sq. yd. ? 

Ans, 322 sq. m. 631A. 2760 sq. yd. 

84. The average weight of the lignin, or woody fibre, of 
an oak, has been estimated at 60 tons, 30 tons of which are 
carbon.* According to this estimate, how many square miles 
of oak forest would yield an amount of carbon equivalent to 
that contained in the atmosphere, supposing the oaks to 
stand 1 rod apart, — carbonic acid consisting of /y carbon, 
and y®y oxygen ?** 

85. What is the value of the labor expended in manufac- 
turing 1 lb. Avoirdupois of watch-springs, each spring being 
worth J2, and weighing J^ of a grain, and the value of the 
iron employed, being 1 cent ? 



-M- 



V. THE FARM. 

18. Rules for determining the weight of Live 

Cattle. 

1. Measure in inches, the girth round the breast, just 
behind the shoulder-blade, and the length of the back from 
the tail to the fore-part of the shoulder-blade. Multiply 
the girth by the length and divide by 144. If the girth is 
less than 3ft., multiply the quotient by 11 ; if between 3ft. 
and 5ft., multiply by 16 ; if between 5ft. and 7ft., multiply 
by 23 ; if between 7ft. and 9ft., multiply by 31.*^ If the 
animal is lean, deduct ^^^ from the result. Or, 

» Carpenter. >» See Ex. 17, Sect. 6. 

« Chambers's Information for the People, — Brit. Husbandry. 
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2. Take the girth and length in feet. Multiply the 
square of the girth by the length, and multiply the product 
by 3.36. The result will be the answer in pounds. Either of 
these rules will be found useful in making approximate esti- 
mates of the weight of cattle, but experienced judges depend 
more upon observation than upon arbitrary rules. The live 
weight, multiplied by .605, gives a near approximation to 
the net weight. 

19. Rules for Measurinq Grain. 

1. If the grain is heaped on a floor, in the form of a 
cone, measure the depth and slant height in inches. Mul- 
tiply the difference of the squares of these two measure- 
ments by .0005 of the depth, for the contents in bushels. 

2. If the grain is heaped against the side of a building, take 
i of the result obtained by the first rule. If heaped against 
an inner corner of a building, take i, — ^and if against an 
outer comer, take | of the same result. 

3. If the grain is in barrels or common casks, the quan- 
tity may be found with tolerable accuracy by the following 
rule : " To .4 of the square of the bung diameter, add t of 
the square of the head diameter, and i of the product of 
the two diameters; multiply the amoxmt of these three 
quantities by the length of the cask, and divide the product 
by 265^ for wine gallons, by 324 for ale gallons, or by 309 
for half-pecks."* 

4. If the grain is in a bin or crib, .8 of the number of 
cubic feet, will give the number of bushels. Two bushels 
of com on the cob will give about l^^bu. when shelled. A 
"barrel" of shelled com, (in the Southem States,) is 5 
bushels.** 

•■ Simplified from Dr. Hutton's rule. For more accurate rules, see 
the article on gauging. 
^ Scientific American. 
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5. If the grain is not of uniform depth or breadth, take 
the dimensions in several different places, and take the 
average length, breadth, and height, with which proceed as 
in Rule 4. 

6. To estimate the yield per acre, measure the quantity 
produced on 1 sq. rod, and mtdtiply by 160, or measure the 
produce of 11 yards square, and multiply by 40. 

20. Weight of Grain and Hay. 

1. The standard weights of grain* in Great Britain, and in 
many parts of the United States, are as follows : Wheat, 
60 lb. per bushel ; Indian com and rye, 56 lb. ; barley, 48 lb. ; 
oats, 32 lb. In Indiana, a bushel of rye is 46 lb., and a 
bushel of oats, 33 lb.'' Beans and clover seed weigh nearly 
the same as wheat ; castor oil beans, and timothy seed, the 
same as com ; potatoes, 40 lb. per bushel; buckwheat, 52 lb. ; 
salt, 50 lb. ; bran, 20 lb. ; dried peaches, 24 lb. ; dried apples, 
22 lb. ; blue grass seed, 14 lb.'' 

2. Ten solid yards of hay which has settled in the stack 
during winter, weigh about 1 ton. In stacks more than a 
year old, 9yd., and sometimes 8yd. make a ton. Clover 
takes 11 or 12yd., and sometimes when it has been stacked 
very dry, 13yd. to a ton. In the bam, 400 c. ft. in the bay, 
or 500 c. ft. on the scaffold, make about 1 ton.** If a stack 
of hay has a circular base, its contents may be found very 
nearly by the following rule : Measure the circumference 
at the bottom of the stack, and the height of the stack. 
Multiply the square of the circumference by the height, and 
divide the product by 40. The contents may also be meas- 
ured by finding the average length, breadth, and height, and 
forming the continued product of the three dimensions.* 



* Brit. Husbandry. *» Mer. Mag. « Scientific Amer. 

^ Colman, and private information. 

« A product that is formed by multiplying together three or more 
{JBctors, is called the " continued product" of those factors. Thus, the 
eontinued product of 3, 17, and 5, is 3xl7x&=^6* 
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31. Measurement of Lans. 

1. If the field is square, or oblongs multiply the length 
by the breadth, and the contents will be the area. If the 
dimensions are taken in paces, the area will be in square 
yards. Multiply the number of square yards by 4, and 
divide the product by 121, and you will obtain the area in 
square rods ; or divide the number of square yards hy^S^j 
and point off one figure from the right of the quotient, and 
the result will be the area in acres. 

2. If the field is irregular, divide it into triangles. In 
each triangle, multiply the length of the longest side by the 
shortest distance from that side to the opposite angle. Add 
all the results, divide their sum by 2, and the quotient will 
be the area. If any portion of the boundary is curved, 
straight lines should be drawn in such manner as to enclose 
the same area as the curve. 

aa. Examples FOE TH« Pupil.' 

1. An ox measured 6ft. Sin. in girth, and the length of 
his back was 5ft. 4in. Determine his weight by each of the 
rules. 

2-5. There are four heaps of grain; one in an open 
field, one against the side of a granary, one against an 
inner comer, and one against an outer comer of a bam. 
The depth of each heap is 4ft;. 8in., and the slant height 
6ft. 7in. Required the contents in bushels. 

6. A bin 8fb. 6in. long, 3ft. 4in. wide, and 4ft. 9in. deep> 
is filled with ears of com. How many bushels are there, 
and how many will there be when shelled ? 

7. How much hay in the bay of a bam, the bay being 
18ft. square, and the hay 10ft. deep ? 

* Colman, Loudon, G. 6. Emerson, Johnson, Brit. Husb.^ and pri- 
vate Information. 

8 
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8. How many farrows 9 inches in width, will make an 
acre in a field that is 6 rods wide? In a field 10 rods wide? 
8 rods wide ? 40 rods wide ? 

9. The amount of wheat annoallj sown in France, on 
10863959 acres, is estimated at 82491978 bushels. If, 
under improved cultivation, i of this amount could be saved, 
and the crops could be increased 5 bushels per acre, what 
would be the total amount gained ? 

10. If^ by expending $50 per acre in the cultivation of 
potatoes, one farmer can secure a cr6p of 300 bushels, worth 
25 cents a bushel, and another by expending $43.60 on an 
acre of com, obtains a crop worth $67, how much per cent, 
does the former gain, by cultivating potatoes instead of 
com?* 

11. How much net weight must a pig gain per day, to 
pay the expense of keeping, when com sells at $1.00 per 
bushel, and pork at 10 cents per lb., supposing him to con- 
sume 3qt. of com and 2cts. worth of other food per day ? 

12. If 3 lb. live weight are equivalent to 2 lb. net weight, 
what would be the weekly profit of a pig that gains 2 lb. 
live weight per day, the expense of keeping and the price 
of pork being the same as in the last example ? 

13. Produce of 3} acres in 1841 : 21ibu. wheat, at 8s.; 
44bu. oats, at 2s. 9d. ; 80bu. potatoes, at Is. ; fodder for the 
support of 2 calves,, at £2 15s. ; 423i lb. butter, at Is. ; milk 
sold or given to the {>igs, £10. Required the value of the 
produce per acre, at $4.84 per £. 

14. It is estiinated that in Great Britain and Ireland, 
7085370 acres are annually sown with wheat, at the rate of 
2ibu. per acre. How many quarters of 8 bushels are 
required for seed? If 3}pk. per acre would be sufficient, 

* Although the crop of potatoes may be more profitable for a single 
year than corn, yet a rotation of crops is necessary to avoid exhausting 
the land. 
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bow mach is annually wasted, and what is its Talne, at 
<1.12} per bushel? 

15. Find, from the following estimate of the expense of 
on acre of com, the balance in favor of the crop. 

IJxj[>en$e8. — ^Ploughing, $2.50; harrowing, $2.50; holeing, 
50ct8; 6bu. leeched ashes, lOcts; Ibu. plaster, 65ctB.; lOqt. 
seed, @ lOcts. ; putting on ashes and plaster, and planting, 
$1.20; harrowing, 80ct&; weeding, $1.50; cultivating, 
45ct8. ; second and third hoeings, $2.30; gathering and husk- 
ing; $^*00; gathering stalks, $1.50. 

Proceeds. — Crop. — 50bu. com @ $1.00 ; com fodder^ 
equal to 1 ton of hay, $10. 

16. How many hop-vines, and how many poles, will be 
required to an acre, allowing two poles to each hill, and two 
vines to each pole, the hills being eight feet apart ; — and what 
would be the expense of the poles at $3i per hundred ?* 

Partial Ans. 2720 vines. 

17. Eequired the net returns on an acre for a six years' 
rotation of crops, raising com for two years, wheat the third 
year, and hay for three years; the balance in favor of com 
each year being $17.75, the balance in &vor of wheat, $21, 
hay, fourth and fifth years, each $17.50, sixth year, $11.50 ;-— 
expenses to be deducted, — grass-seed, $1.87i, and six years' 
compound interest on land, valued at $100 per acre. 

18. A yoke of oxen weighed December 15, 4220 lb. ; 
January 15, 44101b.; March 7, 47301b. Bequired the 
total gain from December 15, to March 7, and the average 
gain per day from December 15 to January 15, from Janu- 
ary 15 to March 7, and &om December 15 to March 7^ 

19. If each ox in the preceding example consumed daily 
14 lb. of hay, ibu. of potatoes, and Sqt. of Indian meal. 



* To determine the number of hills or plants in a field, ditide the 
area of the field by the area occupied by each hill or plant. 
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wliat was the cost of the gain per lb.; supposing hay to be 
worth no per ton^ potatoes^ 20cts. per bushel^ and Indian 
meal 60cts. per bushel ? , 

20. If an acre of land yields li^ tons of hay, or 15 tons 
of carrots or Swedish turnips, or 60 bushels of Indian 
com ; and if a working horse would consume 3cwt. of hay, 
or Scwt. of carrots, or Ibu. of Indian com, per week, how 
many acres of each crop would be required to support a 
horse for the year ? 

21. Bought December 1, a pair of oxen for J65, and sold 
the same February 26 at %h per 1,00 lb., net weight, their 
net weight being 1846 lb. Eequired the amount lost on the 
sale, the following being the expenses of keeping :-r— 73bu. 
turnips at lOcts. ; 36ibu. Indian meal at 60cts. ; 65ibu. 
potatoes at 25ct8., and 25 lb. hay per day at 25cts. per 100 lb. ; 
interest on cost, at 6 per cent., 94icts. Am, $24.44}. 

22. What is the value of pasture land per acre, 50 acres 
of which will pasture 8 cows at 25cts. per week, 4 oxen at 
50cts., and 75 sheep at Sets, per week for twenty weeks in 
the year, the pasturage being estimated at 6 per cent, of the 
value of the land ? 

23. Required the yearly expense of keeping a sheep, 
allowing 155 days for the time of foddering in the bam, 
and 30 weeks pasturage at 3cts. a week, the food consumed 
while in the bam being 2 lb. of hay per day at $8 per ton 
of 20001b., and li^bu. of rutabaga at lOcts. a bushel. 

24. Required the amount of profit in the following experi- 
ment in stall-feeding sheep. Bought 118 at $2.50, 2 at $3, 
and 60 at ^^^) commissions for purchase and driving, 
25cts. each ; interest and risk estimated at $9.27 ; produce 
consumed, 519bu. turnips at 8cts., 151bu. com at 75cts., 
2 lb. of hay each per day, at $8 per ton of 2000 lb. The 
sheep were all put up on December 1st, and 125^ were sold 
February 11th at $5 each, and the others, February 18th, 
at $5.25 each. 
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25. Estimating the expense of cultivating Indian com at 
$25 per acre, wheat at $10, oats at $5, rye at $8, haj at $2 ; 
and the harvest per acre of com, 40bu. at 65cts., and fodder 
worth $10; wheat, 14bn. at $1.50, and straw worth $3; 
oats, 56bu. at 42cts., and straw worth $2.40; rye, 12ba. at 
$1^ and straw worth $2.40 ; and hay, 2 tons per acre, at $10 ; 
what would be the profit on a farm containing 7i acres of 
com, 5i acres of wheat, 5 acres of oats, 5 acres of rye, and, 
21 acres of meadow ? 

26. When hay sells at $16 per ton of 2240 lb., and com- 
stalks at let. per bundle, how much can be saved per week 
with 6 cows, by substituting corn-stalks for hay, if the 
average consumption of each cow is 5 bundles of stalks, or 
25 lb. of hay per day ? 

27. Two hogs were fed from April 30th to May 20th, 
exclusively upon Indian hasty-pudding. The pudding used 
during the interval, took 4ibu. of meal, at 78cts. a bushel, 
and the weight gained by the hogs was 105 lb. Allowing 
f of the gain to be net weight, what should be the price of 
the pork per lb. to gain 20 per cent, on the cost ? ' 

28. From the following account of sales, on a farm of 25 
acres, for ten years, find the average amount received annu- 
ally for each item. 



Date. 


Vegeta's. 


Fruit. 


Vin^ar. 


Meat. 


Hay. 


Stock. 


MUk. 


Corn and 
Barley. 


Total. 


1811 
1812 
1813 
1814 
1815 
1816 
1817 
1818 
1819 
1820 


$132.06 
181.91 
112.93 
180.38 
162.38 
165.36 
132.49 
84.34 
103.85 
111.62 


$126.76 
145.48 
68.07 
63.71 
151.56 
I6d.73 
210.37 
116.71 
280.68 
248.88 


$183.94 
12.83 
93.47 
254.92 
206.60 
187.17 
295.31 
246.30 
131.95 
191.83 


$14.38 
81.92 
69.67 
41.21 
61.37 
60.69 
48.24 
77.99 
25.84 
87.21 












$Vai9.i8 

202.68 
253.08 
506.69 
399.69 
329.93 
162.21 
185.00 
207.43 


$32.00 

30.00 

112.00 

"37.00 

"30.02 


$17.13 
44.97 
15.00 
16.99 
12.71 
24.75 
98.47 
94.04 

128.27 


$32.05 

.75 

103.50 

' 128 io 

• • • • AT* • 

t ♦ *^ •■* • 




Tot. 





















29. What was the average net annual income of the above 
farm, estimating the amount of farm produce consumed by 
the family, and not included in the above account, at $454^ 
and the expenses at $638.30 per annum ? 
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80. Wliat is the animal gain on a fire-aore wood lot, 
which cost $60, the yearly growth being 1 cord of wood per 
acre, the market price of wood averaging $3.12i^ per cord^ 
and the expense of cutting and hauling 62 Jets, per cord ? 

31. Bequired the profit on an acre of hops, the yield 
being 700 lb., worth 15icts. a lb., and the expenses of cul- 
tiyation as follows : Renewal and setting of poles, $12; plant- 
ing, $1; tying up, $1; hoeing 8 times, at 1(1.50; 4 loads 
of manure, at $1.12}; picking, let. a lb. ; a man to tend 
the pickers, $7 ; board of lihe laborers, $1.50 ; kila-drying 
and packing^ $1 per 100 lb. ; bale, 45ets. 

32. If a horse consumes the produce of 6 acres of land 
before he is fit for work, and can afterwards be kept con- 
stantly employed for 12 years, by annually consuming the 
produce of 4 acres, — and a pair of oxen consume 10 acres' 
produce before they are fit to Work, and can be employed only 
8 years by consuming the produce of 2} acres per annum each, 
the produce of how many acres will represent the difference 
between the expense of keeping a horse and a yoke of oxen 
for 12 years ? Ans, 46 acres. 

33. Estimating the value of a horse after 12 years' farm 

service, at $15, and supposing that every ox can be fattened 

after 3 years' service by the produce of 1} acres, so as to be 

worth $65, what should be the value of 1 acre's produce, to 

make the expense of keepng, the same for a horse as for a 

yoke of oxen? Ans, $8.71 nearly. 

N. B. Add to 46 acres, the number of acres* produce necessary 
to fatten the oxen, and you will obtain the number of acres' 
produce equivalent to the difference of value between the horse 
and the oxen. 

34. Find the expense of keeping 8 oxen one year, esti- 
mating their total consumption at 1 ton of hay per week 
from January 1 to May 15, and from October 30th to 
January 1, the hay being worth $10.75 per ton, pasturage 
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firom May 15 to October SO, at 62}ot8^ per week each, 
repairs of yokes and bows 98.75, wear of ploughs, chains, 
&c. $15. 

35. What should be the price of charcoal per bushel, to 
make 25 per cent, on the following estimate of the cost of 
burning a kiln of 30 cords, the wages of labor being $1.25 
per day ? Cost of standing wood, $1.75 per cord ; 2} cords 
make 100 bushels of coal ; 1 man can chop 2 cords for the 
kiln in a day; collecting, drawing together, coyering, and 
burning, rtquire 20 days' work of 1 man ; expetise of haul- 
ing the whole to market, and selling, $8.75. 

Ans. 10 jl cents. 

36. The whole amount of hay purchased and used at a 
stage stable, firom April 1 to October 1, 1816, was 32T. 
4cwt. 10 lb. at an average cost of $25 per ton. At the 
same stable, from October 1, 1816, to April 1, 1817, there 
was consumed by the same number of horses, 16T. IScwt. 
3qr. 10 lb. of straw, at $9.75 per ton, and 9T. 14cwt. Iqr. 
of hay at $25 per ton. A stoaw-cutter was employed during 
four months of the latter period. Eequired the amount 
of money saved by its use- 

37. In an. experiment on transplanting the layers of a 
single stalk of wheat, made by Mr. Miller, of Cambridge, 
Eng., one grain of wheat produced 3} pecks, weighing 
47 lb. 7oz. Supposing a cubic inch to contain 200 grains, 
how many grains were there in the whole ? How many in 
a pound ? 

38. If 6 men, with cradles, can cut as much grain in a 
day as 12 men with common sickles, and if the 6 cradlers 
require 3 men to bind, and 3 boys to assist, while the 12 
reapers require only 2 men to bind, how much can be saved 
per day by cradling, allowing $1.25 for each man, and 50 
cents for each boy ? 

39. If 105 gallons of milk yield 36 lb. of butter, worth 
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18}ots. a pound; and 60 lb. skim-milk cheese, worth Gets, a 
pound, and if 140 gallons of milk of the same quality, 
with the same amount of labor, yield 141 lb. of cheese, 
worth 9cts. a lb., and whey worth $lf , which is the more 
profitable, the manufacture of butter or cheese ? 

40. It is supposed that a pair of tame pige<ms consume a 
pint of grain per day, for 280 days in the year. As it has 
been estimated that there are 1250000 pairs in G-reat Bri- 
tain, how much would they consume per annum at this rate, 
and what would be its value, at an average of 50 cents a 
bushel ? 

41. The cost of improving a 12-acre field was as follows : 
Blasting large stones, ^$44.25; trenching, $20; drains, 
$3.87i ; lime, 64bu. per acre, at 40cts. per bu. ; ditch for 
intercepting hill water, 937.62}. Enquired the total cost, 
and the average per acre. 

42. What should be the market price of milk per quart) 
when butter is worth 25cts. a pound, and skim-milk cheese 
is worth 5cts. a pound, — supposing that 100 gallons of milk 
will jnake 34 lb. of butter, and 74 lb. of skim-milk cheese ? 

43. The late Duke of Athol planted 6500 Scotch acres* 
of mountain ground with the larch, which, in 72 years from 
the time of planting, will be a forest of timber fit for build- 
ing ships of the largest class. Supposing the plantation by 
that fime to be thinned out to 400 trees per acre, and each 
tree to contain one load of 50 c. ft., what will be the value 
of the wood per acre, and the value of the whole plantation 
at 25cts. per c. ft., which is about i its present value ? 

44. A hectare in the Isle of Bourbon, produces 76000 
kilogrammes of cane, which give 9200 kilogrammes of 
sugar, at an expense of 2500 francs for labor. A hectare 
of beet-root produces 40000 kilogrammes of roots, which 

■ A Scotch acre = about H English acres. 
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will yield 2400 kilogrammes of sugar^ at an expense of 854 
francs. What per centage of sugar is yielded by the cane, and 
by the beet-root ? What is the cost of each kind of sugar per 
Ib.^ estimating merely the labor bestowed on each crop ? 

45. Two men mow a square meadow, but one being a 
faster mower than the other, agrees to take the outside 
swath, and cut off all the comers. What part of the whole 
will each mow, thiere being twelve swaths in each side of 
the field ? Ans, i} J, ^l* 

The following rule will fomisli the answer to all questions of 
this kind. Let the pupil endeayor to proye its aequraoj. 

Square the number of swaths in the side of the field for a 
denominator. Then if the number of swaths is odd, miQtiplj it 
by 2, and diminish the product by 1 ; or, if it is even, multiply it 
by 2, and diminish the product by 4, for a numerator. The frac- 
tion thus obtained, will show what part of the field the outer man 
will mow more than the inner one. 

46. The amount of hay necessary to sustain oxen, is 
about .02 of their weight, daily. When fattening, they 
require about .04 of their weight per day. At $10.50 per 
ton of 2000 lb., what would be the cost per week of the extra 
hay consumed in fattening two oxen, one of which weighs 
834 lb., and the other 917 lb. ? 

47. In England and Wales, it has been estimated that 
there are 3252000 acres of wheat, 1250000 A. of barley and 
rye, 3200000 A. of oats, beans and peas, 1200000 A. of clover 
and artificial grasses, 1200000A. of field-roots, 2100000A. 
fallow, 48000A. of hops, 17300000 A. of meadow and past- 
ure, 1200000A. of hedgerows, copses, woods, and wastes, 
and that the annual agricultural income is £216817624 
At J4.84 per pound, what is the average income per acre ? 

48. What would be the cost of seed in the last example, 
supposing that there are 500000 acres of barley, and that the 
following is the average quantity used, per acre ? Wheat, 
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6pk. @ W.IO per bu.; barley, 3bu. @ $0.60; rye, Ibu, 
@ $0.80 ; oats, beans, and peas, 3bu. @ $0.95 ; grasses, 
3pk. @ $2.00 per bu. ; field-roots, 13bu. @ $0.45. 

49. A farmer wishing to determine the area of his field, 
finds that it may be divided into four triangles, the dimen- 
sions of which are as follows : 1st. Base 240 paces, altitude 
87 paces. 2d. Base 213 paces, altitude 95 paces. 3d. 
Base 107 paces, altitude 28 paces. 4th. Base 92 paces, 
altitude 79 paces. Eequired the entire area. 

Am, 5 A. IK. 9ir. nearly. 

50. I have a barrel 20 inches in diameter at the middle 
point, 16 inches at the head, and 27 inches long. Bequired 
its contents in ale, wine, and dry measure. 

Ans. 31gal. nearly, wine meas. 
25gal. liqt. beer meas. 
3bu. Ipk. 2qt. dry meas. 

51.^ A heap of grain piled against the outer comer of a 
bam, contains 63 bushels, and its depth is 5ft. Bequired 
the slant height. Arts. 6ft. 8in. 

52. A granary holds 1310.4 bushels. The dimensions 
of the floor are 15ft» 9in. by 12ft. Bequired the average 
depth of the grain. An$. 8fb. Sii^, 

58. A stack of hay with a circular base, has settied so 
much that 250 c. fb. are estimated as equivalent to 1 ton, 
and according to this estimate, it is found to contain 1.44 
tons. What is the height of the stack, the circumference 
of the base being 80fb. ? Ans. 16ft. 

54. The area of an irregular field is 2A. 3B., and the 
average length is 121 paces. What is the average breadth ? 

Ans, 110 paces. 

*■ The remaining examples in this section are introducecL to test the 
skill of the pupil in reversing the rules. 
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VI. THE GARDEN. 

33* Examples for the Pupil/ 

1-5. How many plants would be required for an acre, it 
ihey were placed IJffc. apart ? If placed 2ft. apart ? 8ft. 
apart ? 6ft. apart t 16ift. apart ? 

Ans, to the first, IdSQO. 

6-10. How long a strip of land will be required to con- 
tain an acre, if the width is 100ft. ? If the width is 3} rods ? 
97.6ft. ? ' 18^ft. ? 2r. 5 Jft. ? 

11. Allowing Ipt. of early peas to a row 20yd. long, Ipt. 
of marrowfat peas to a row 32yd. long, Ipt. of string beans 
to a row 27yd. long, Ipt. of runners to a row 36yd. long, and 
Ipt. of dwarf kidney beans to a row 26yd. long, how much 
seed would be required to pla;nt 4 rows of early peas, 6 rows 
of marrowfats, 8 rows of string beans, 5 rows of runners, 
and 8 rows of dwarf kidney beans, each row measuring 28 
yards ? 

12. A quarter acre of land cost $25. Expended for labor 
in imjffoving it, $157; for seed potatoes, $15; rye and 
grass seed, $1.17; 6 cords of manure, at $5 .per cord; 2 
casks of lime at $1 ; cost of other seeds and gathering in 
the crop, $17.50. The products of the first year were 327 
bushels of potatoes, at 60cts. ; 5bu. rye, at $1.25; 8}bu. 
com, at $1 ; lOObu. rutabaga, at 30cts. ; hay, $12 ; 600 
cablbages, at 50cts. a dozen ; 2000 lb. squashes, at let. ; 
fuel taken off, $25.** Estimating the value of the land as 
doubled, what was the first year's balance in favor of the 
improvement? An$, $125.28. 

18-15. Hqw many times must a spade be thrust into the 
ground in digging a square rdd, supposing the surface removed 

*■ BiuBt, CoItnaD, Loudon, Johnson. ^ Coltnan. 
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at each time te measure 7 by 8 inches? The spade 
weighing 8 lb.; and a spadeful of earth 17 lb., how many 
pounds must the gardener lift in a day, 10 sq. rods being a 
day's work ? How many tons must he lift in spading an 
acre? 

16. What amount is annually gained by expending $16 
per acre to drain a garden of If acres, money being worth 
6 per cent, per annum, and the land renting before it was 
drained for $3 per acre, but after it was drained, for $8 
per acre ? 

17. What distance would a man walk in ploughing a gar- 
den containing } of an acre, if each furrow was 9 inches 
wide, adding 1 rod to every 18 for the ground travelled over 
in turning? 

18. What must be the length of a strawberry bed, to 
contain j\ of an acre, the width being 33 feet ? 

19. Kequired the cost of digging a trench 200ft. long, 3ft. 
broad, and 3ft. deep, a laborer being able to remove 1 cubic 
yard per hour, — allowing for wages 81.25 per day of 10 
hours. 

20. Money being worth 6 per cent, simple interest, what 
is the present value of an orchard containing 150 trees, 
which will be all in full bearing in 5 years, and will then be 
worth ?20 apiece, the land which they occupy being now 
worth »1450? ^««. $3757.69. 

21. In a garden of 1} acres the following articles were 
raised in the year 1836 :— 3500bu. onions, at 5cts. ; 45bbl. 
beets, at $1.50; 14bu. parsnips, at 75cts. ; 2bu. beans, at 
$2; 20bu. potatoes, at $J; $100 worth of cabbages; and 
vegetables for the family, estimated at $10Q. Allowing 
one-half of the proceeds for the "expense of cultivation, and 
estimating the value of the land at $450 an acre, what 
profit was made on the whole ? 
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22. When ordinaiy pears are sold at 50 cents a busheli 
and choice varieties bring 3 cents apiece^ how tmeh more 
profitable is a tree grafted with one of the best kinds, than 
a common pear-tree, the yield of each being eight bushels, 
and the choice pears averaging 45 to a peck ? 

23. In a garden 225ft. long, and 144ft. broad, is a gravel 
walk 6ft. wide, extending around the whole, at a uniform 
distance of 8ft. from the boundary line, intersected by three 
walks each 4ft. wide, parallel to the shortest sides. What 
amount of land is taken up by the walks ? 

Ans, 650x6+348x4=5292 sq. fb. 

24. Throughout the whole extent of the above walks is a 
trench lOin. wide and 8in. deep, filled with broken stone, and 
covered with a layer of broken bricks and other rubbish, 
Sin. thick over the whole width of the walks, the top-dress- 
ing of gravel being of the average depth of 4 inches. How 
many loads of 27c. ft. each, were required of the broken 
stone? How many of rubbish? How many of gravel? 
What was the cost of the whole at 50cts. for each load ? 

Am, 20^|§ loads of stone, 49 of rubbish, 
65 J of gravel; cost, $ 

25. What would be the expense of making a hedge of 
roses 468ft. long, setting the bushes with a distance of 6} 
inches between the centres, the cost of the bushes being 
28cts. apiece, and the expense of setting ^.25 per hundred ? 

26. I wish to make a hot-bed, composed of 3 parts manure 
and 1 part oak leaves. The frame is 12ft. long and 6ft. 
wide. The bed is to be 3 J ft. deep, and is to project 8 inches 
beypnd the frame, on every side. How many cubic yards 
of manure will be required, and what will it cost at $1.75 
per yard ? 

27. Two banks, each 104ft. long, and 5ift. high, and a 
grass plat 162ft. long and 157ft. wide, are to be covered with 
turf. Estimating the average thickness of the turf at 3in., 
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what would be the oost of the whole at $1.26 per c. yd ? 
At licts. per sq. ft. ? 

28. An English market-gardener received for the produce 
of a single acre in one year^ for radishes, £10; cauliflowers^ 
£60 ; cabbages, £80 ; celery, £90 ; endive, £30. Allowing 
£3 10s. for rent, and £90 for expenses of cultivation and 
marketing, what was the profit per sq. rod, in Federal Money, 
estimating the value of the sovereign at $4«84 ? 

29. Frederick Tudor, Esq., of Nahant, Mass., in the year 
1841, raised 42284 lb. of sugar-beets on 93 rods of land. 
Allowing 561b. per bushel, how many bushels could be 
raised per acre at this rate, and what would be the value of 
the whole at 50cts. per bushel ? 

30. If 2 men digging can keep 1 man employed in wheel- 
ing to the distance of 20 yards, and if each digger removes 
15 c. yd. per day, what will it cost to remove 3340 c. yd. to 
the distance of 160 yards, the wages of each laborer being 
75cts. per day ? Ans, J835. 

N. B. First find the number of men required to wheel the 
dirt away, and add the two diggers, and you will obtain the whole 
number employed. 

31. What number of bulbs will be required for a crocus 
bed, the bed being 23in. wide, and the rows 6 inches apart, 
allowing 150 bulbs to each row; and what will they cost, J of 
the whole number being bought at 75cts. per 100, i at 
$1.37}, and the rest at *1.62}? 

32. When the double hyacinths were first brought into 
notice, some of the roots were sold at 2000 guilders apiece. 
Equally fine varieties can now be bought for ](4 a dozen. 
At 40cts. per guilder, how large a bed could now be stocked 
with the choicest varieties, at the original cost of a single 
root, the roots being placed 8 inches apart, and allowing 6in. 
for border ? 

33. What will be the cost, at J12.75 per 100, of stocking 
a tulip bed 20ft. long and 4fb. wide, the bulbs being planted 
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in rowS; allowing 6in. between the plants^ and Tin. between 
the rows ? Ans. $85.70. 

34. In order to introduce enough fresh air to fill a hot- 
house twice in 24 hours, how many feet of air heated to 
the proper temperature, must be introduced hourly into a 
house 40ft. long, and 16ft. widC; the height in front being 
6ft., and at the back 18ft. ? Ans. 820 c. ft. 

85. What would be the daily expense of raising the tem- 
perature of the hot-house in the last example 15^, ^ jijfjfcjfjf ^^* 
of coal will raise the heat of a c. ft. of air 1^, coal being 
worth J6.50 per ton of 2000 lb. ? 

86. A mechanic has a vacant space in his garden, 18ft. 
long and 4ft. wide, which he wishes to occupy as an asparagus 
bed. He trenches the whole to the depth of 2ft., and fills 
the trench half full of manure before returning the earth. 
He afterwards plants the whole with roots, setting the roots 
9 inches apart. The land is worth 12icts. a square foot, 
and he will be obliged to wait 8 years before the bed will be 
in a condition to be cut. Estimating the labor bestowed 
on the bed at 4 hours, at lOcts. per hour, the cost of 
manure at $1.25 per solid yard, the cost of plants at $1.0(/ 
per 100, and interest on the whole at 6 per cent, per annum, 
what will be the entire cost of the bed when it comes into 
bearing? 

87. Allowing loz. of onion, carrot, 6r parsnip seed for 
sowing 15 sq. yd., }oz. of cabbage or cauliflower seed for 
4 sq. yd., }oz. of turnip seed for 11 sq. yd., and 160 aspa- 
ragus plants for a bed 5ft. by 30, what quantity of each 
will be required to plant a garden of 40 sq. rods with onions^ 
carrots, parsnips, cabbages, cauliflowers, turnips, and aspa- 
ragus, allowing the same quantity of ground to each ? 

38. In 1687 a collection of 120 tulips was sold in Hol- 
land for 9000 guilders ; in England, at the present day^ 
£50 is fr^uently given for a single bulb no finer than some 
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of the varieties which can be purchased for less than a dol- 
lar. Estimating the florin at 40 cents, and the sovereign 
at $4.84, how many of the Dutch bulbs would amount to 
the same as 15 of the English bulbs, at the above rates? 

39. Apples should stand 35 feet apart, pears 20ft. apart, 
and plums 18ft, apart. How large an orchard would be 
required for 180 apple-trees, 315 pear-trees, and 350 plum- 
trees, there being 5 rows of each sort, allowing 28ft. between 
the apples and pears, and 20ft. between the pears and 
plums ? Arts. IIA. 3K. 31r. 12iyd. 

40-42. How many hills of corn in a rectangular piece 
of land containing a quarter of an acre, if the hills are 3ffc. 
apart one way^ and 2ft. 9in. the other ? if the hills are 2ft. 
6in. X 3ft ?— 2ft. X 2ft. 3in. ? 
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VII. THE HOUSEHOLD. 

34* General Information. 

1. The grains yield nearly the following quantities of 
meal and bread per bushel.* Wheat weighing 60 lb. — ^flour, 
48 lb. ; bread, 64 lb. Eye weighing 54 lb. — meal, 42 lb. ; 
bread, 56 lb. Barley weighing 48 lb. — ^meal, 37 J lb. ; bread, 
50 lb. Oats weighing 401b. — ^meal, 22 J lb. ; bread, 301b. 

2. The following weights and measures nearly correspond.* 
Wheat flour, 14oz.=lpt. Indian meal, 18oz.=lpt. But- 
ter, 15oz. = lpt. Loaf sugar, broken, llb.=lpt. White 
sugar, crushed, 17oz.=lpt. Brown sugar, 18oz. = lpt. 
Eggs, 10=^1 lb. A chaldron of soft coal =58} c. ft. Stone 
coal, lbu.=70 lb., or 42 c. ft.=l ton. A common tumbler 
holds Jpt, or }lb. of water. A common wine-glass holds 

*• Brit. Husbandry. 

^ Sci. American, Brit. Husb., Enc. Brit., and private information. 
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igill or 2oi. of water. Corrants, 14oi.=lpt Ghemes, 
12oz. = Ipt. Honey, 23oi. = Ipt. Lard, taUoWi Gt sperma- 
oeti, 15oz.= lpt. Milk, lib. = Ipt Qil, 15oi. =xlpt. 
SalaBratos, dry, 23oi.=lpt. 

StS* Household Msnsubation. 

1. lb find the contents of any cylindrical vessel, in pints. 
— ^Measure the diameter and height in inches. Then, for 
wine measure, multiply the square^of the diameter by the 
height, and divide the product by 37 ; for beer measure, 
multiply the square of twice the diameter by twice the 
height, and divide the product by 859 ; for dry measure, 
multiply the square of twice the diameter by the height^ 
and divide the product by 171. 

Let D represent the diameter, H the height, and the 
contents in pints. Then, if the Contents are taken in wine 

measure, H = 870 H-D* ; D= V87C-f-H. For beer meas- 
.ure substitute 44}, and for dry measure 42}, in ^e place 
of 87, in each formula. 

2, lb find the contents of any vessel with a cireular base, 
and iapering sides.* — ^Take one half of the sum of the 
greater and less diameters, fw a mean diameter, and pro- 
eeed with this mean diameter and the height, as in the pre- 
ceding problem. K great accuracy is required, proceed as 
in Problem 1, substituting for ''the square of the diam- 
eter,'' '' the product of the greater and less diameters, added 
to one third of the square of their difference.'' In beer 
and dry measure, use four times this product, in the place 
of " the square of twice the diametOT." 

The height and msan diaineter, may be found as in Prob. 
1. Let Q be the greater diameter, L the less diameter^ 
and M the mean diameter. Then 

G = V3>P~f ofL^ -^tL; 

L = V3M^-}ofG«-JG. 

*■ Such a vessel forms tifruitum of a cone. 

9 
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8. To find Ae eotUentio/a howl, tV»|>m<«.— Measure the 
diameter of the top and the depth, in inches. To three 
times the square of half the top diameter^ add the sojoare 
of the depth ; multiply this sum by the depth, and divide 
the product by 65 for wine measure, by 67 for beer 
measure, or by 64 for dry measure. 

4. , To find the contents of a wdl or cylindrical cistern in 
^^«^(ufs.— Measure the dimensions in feet, multiply the 
square dT the diameter by the depth, and divide the product 
by 11. If great accuracy is required, measure the dimen- 
sions in inches ; multiply the square of the diameter by the 
depth ; multiply the product by 54, and cut off six figures 
from the right hand. 

Let D be the diameter in inches, d the depth, and C the 

contents in hogsheads. Then. D = V 1000000 C-r 54 c?; 
<£= 1000000 C-r 54 D». 

5. To determine the height to vjhich any cylindrical vessel 
toiU he filled hy a gallon, — ^For wine measure, divide 294; 
for beer measure, divide 359 ; for dry measure, divide 342, 
by the square of the diameter, measured iH inches.. 

One quart would evidently fill the vessel \ as high; 
one pint would fill it i as high ) and one gill would fill it ^ 
as high. Any cylindrical vessel can therefore be marked by 
this rule, so as to jferve the purpose of a set of measures. 

Let N be the number of the required measure which will 
be equivalent to a gallon, D the diameter, and H the 

height. Then, for wine measure D= %/294-r (NxH); for 

beer measure D±= %/359-r (NxH); for dry measure D= 

yS42-r(NxH;) 

6. To test the accuracy of cylindrical dry measures,—^ 
Measure the diameter in inches, and divide 2738 by the 
square of the diameter. The quotient will be the depth for 
1 bushel. The depth for a half bushel^ will be i the 
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quolient; for a peck^ i of the qtiotient; for a half peck; | 
of the quotient; &c. 

r 

36. Examples fob thi Pttpil. 

1-^ I have a cylindiical tin diah^ 6}in. in diameter, and 
6in. deep. Required its contents in wine^ in beer, and in 
dry measoie. ' Am, 3qt. d.4gi. wine meas.; 2qt. 1.65pt. 

beer meas. ; dqt. near^/j diy meas. 

4-6. At what height should marks be placed on the inside 
of the above dish^ to indicate a quart of each measure ? 

Ans. 1| in. nearly for wine meas. ; 2iin. nearly 
for beer meas. ; 2in. for dry meas. 

7-9. Find the coiU$nt& in each measure, of a pan, the 
height being 5 incites, the top diameter 17in., and the 
bottom diameter 9in. 

An8» by the accurate rule, 23.56pt. wine meas. ; 
19.42pt. beer meas. ; 20.89pt. dry meas. 

10-1^. Find the contents in each measure, of a bowl, the 
diameter of which is 6in., and the depth din. 

Ant. 1.96pt. wine meas. ; l.Glpt. beer meas. ; 
1.69pt. dry meas. 

13. A cylindrical cistern is 5^ feet in diaineter, and Oft. 
deep. How many bedheads does it hold ? 

14-15. A cylindrical cistern is 7ft. Gin. in diameter, and 
6ft. 9in. deep. Find its contents by each rule. 

Ans. by Bule 1, 34/;/5hhd. -, by Rule 2, 35.43hhd. 

16-17-. The house to which the above cistern belongs, is 
40ft. long, and 34ft. wide, and is supplied with eave-troughs 
which convey all the water that falls on the roof to the cis- 
tern. To what depth woujd the cistern be filled by a single 
shower, in which there is a fsill of fin. of rain, allowing 6in. 
on each side for the projection of the eaves ? How many 
inches of rain would fill the cistern ? 

18. A man has the following cylindrical measures : One 
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designed for a btisliel; the diameter of vHcH is 18| inches ; 
one designed for a half-bushel^ diameter 14iin. ; one de- 
signed for a peck; diameter 12in. ; one designed for a half- 
peck; diameter 9iin. ; and one desijgned for a quarter-pecky 
diameter 7iin. What should be the depth of each ? 

uiTW. for the half-bufihel; 6iin. 

19. I send a barrel of flour to a baker^ and he agrees to 

famish me an equal weight of bread . in 'return. The flour 

weighs Icwt. Sqr.^ and cost me 97.50 ; the barrel^ (which 

the baker keeps J is worth 25cts. How much do I pay the 

baker for bis trouble ? Ans. 92.12]r* 

N. B. If 48 lb. of flour make 641b. of bread, how many lb. of 
flour will make IcWt. 8qr. of bread ? And -what will be the yalue 
of the flour that is left, at |7.60 per bbl. T 

20. A cow gave 350 gidlons of milk in a year^ and con- 
sumed in the same time two tons of haj^ at $9.75 ; 12bu. 
of Indian meal^ at 60cts. ; 50bu. of beets^ at 40cts. ; and 
her pasturage cost $8.75. Estimating the value of her 
milk at 5cts. a quarty and allowing 10 per cent, on $25 for 
the interest of her worth; and risk of keeping, and 92.50 for 
labor and attendance, what amount of profit did she yield 7 

21. Find the cost of 100 lb. of bread, made from each 
of the following grains, tiie grain being of the full weight 
given in §24, and the cost of manufacture in each in&itanoe, 
being 56cts. ; wheat at 91.10 per bushel ; rye, at 90ct8. per 
bu.; barley, at 75cts. per bu.; oats, at 40cts. per bu. 

22. How much crushed sugar, by measure, should bd used 
in preserving 6qt. of currants, in order that there may be 
equal weights of sugar and fmit?' 

23. How would you measure the following ingredients ?— » 
2 lb. flour, 2 lb. sugar, 1 lb. butter, and 1 lb. eggs.' 

24. A common watch vibrates 5 times in a second ; if 
from any cause each vibration is s^-q less than its proper 
time, how much will the watch gain per day? 

» Sec Section 24. 
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25. A cloak containing 6{yd. of broadcloth that is l}jd. 
wide, is to be lined with silk that is Ijd. wide. How much 
silk will be required ? 

26. A parlor S5ft. 6in. long, and 19ft. 6in. wide, is to be 
carpeted. How much carpeting, that is a yard wide, will 
be required, provided there is no waste in matching the 
figures ? &0W much will be required, if ijd. is lost in 
matching each breadth 7 

27. A man wishes to build in his cellar a potato bin that 
will hold 40 bushels. It is to be 6ft. long, and 3ft. 6 in. 
high. What must ba the width of the bin ? 

28. If a family of 3 persons consume a barrel of €our in 
11 weeks, what is the average amount of bread eaten daily 
by each person, 3 pounds of flour being sufficient to make 
4 pounds of bread ? Ans. 1^| lb. 

29. Required the entire quantity, and the value at 22cts. 
a gallon, of the milk taken by B. N. Breed, of Lynn, Mass., 
from one cow, in 11 months of 1839-40. The daily average 
was as follows : — ^from April 15 to April 30, 1839, 6qt. ; 
in May, 14qt. ; in June, 16qt. ; in Jtdy, 13qt. ; in August, 
12qt.; in Sept., llqt. ; in Oct., lOqt.; in Nov., lOqt.j 
in Dec.,, 9qt. ; . in Jan., 1840, 9qt ; in Feb., 7qt., and 
from March 1 to March 15, 2qt. 

30. Alfr^ the Great had large candles made with marks 
upon them, so that he might judge of the time by the 
quantity that had burned.' If a candle were lighted at 
noon, of such size that only 9in. would be consumed in 24 
hours, what would be the time when 2iin. had burned ? 

31. How much coal, at 2240 lb. to the ton> would fill a 
bin that holds 160 bushels of potatoes ? 

32. How many wine gallons in a pail 12iu. in> diameteri 
and 14 Jin. deep? 

* Carpenter. The Clepsydra had not been introduced into England, 
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88. A oylindrio&l. vcsssel is 4 inches in cKuneter. At 
ythAt heights most marks, be plaeed for Iqt. wine measnre; 
for Ipt. beer measure ; and for 1 half-peck dry measnre ? 

84. Required the contents in wine measure, of a water- 
pail, the heighi being 8iin.^ I^e top diameter ll^iu., and 
the bottom diameter 9in. 

85. How many rolls of paper hangings, each 9yd. long, 
and }yd. wide, ,would be required to paper one side of a room 
that is 19ft. long and 9ft. 6in. high? 

36. A saving of $1 per annjum, invested at 6 per cent, 
compound interest, will amount in 40 years to $154.761966. 
If a young man at 20 years of age, commences laying up 
6icts. per day, how much will he be worth when he is 60 
years old f 

87. A man expends all his income, but in looking over 
his accounts at the end 9f the year, he finds that $125 has 
been laid out foolishly. If he resolves to retrench, and 
saves that amount annually, what will ke be worth in 40 
years f 

88. Find the ratio of illumination between two lights^ 
which throw shadows of equal intensity, if placed- at the 
distances of 9fb. and 5}ft. respectively.* 

' *** The following method of measuring the comparative iUuminatiiig 
power of different lights, is founded on the law that the amount of rays 
thrown on a given surface, is inversely as the square of the distance 
of the illuminating body. Place two lights, wbidh are to be compared 
with each other, at the distance of a few feet, or yards, from a screen 
^f white paper, or a white wall. On holding a small card near the 
wall, two shadows will be projected on it. Bring the fainter light 
nearer the card, or remove the brighter light farther from it, till both 
shadows acquire the same intensity. Measure now the distances of 
the two lights from the wall or screen, uid the squares of these dis 
tances will give the ratio of illumination. In this experiment the 
spectator should be equidistant from each shadow." — Bigelaw's 
Teeknology, 



§26.] MISCILLAlVEOtJS BZAimJBS. 185 

89. If a cylindrioikl cistern is 7ft. 6in. in ^ameter, what 
must be its depth/ to hold 45 hogsheads? To hold 80 
hogsheads? 

40. If wood is sawed 2ffc. long, how many oords will thtre 
be in a pile 50fb. long, and 8ft. Sin. high ? 

41. How many potatoes are there in a ceUar^ there being 
5 barrels fall, and one half-fbll^ each barrel holding 2bii. 
3pk.y and a bin thaVis 10ft. hmg and 5flt. wide^ being filled 
to the height of Sft. 6in« 

42. An imperial gallon of sperm oil, bomed in an Argand 
lamp, which yields a light equivalent to 5 candles, (6 to a 
lb.) will bum about 100 hours. The solar lamp, with 
an imperial gallon of whale oil, yielding a light equivalent 
to 4| candles, (6 to a lb.) will bum about 90 hours.' When 
sperm oil is 91.25 per gallon, and whale oil 62^ts. per 
gallon, hpw much can be saved on every gallon by the use 
of whale oil ? . Ans. 44t cents. 

43. A cylindrical cup contains 3qt. 3.4gi. wine measure. 
Required the height, the diameter being 6} inches. 

Ans, 6 inches. 

44. What is the greater diameter of a pan, the less dia- 
meter boing 9in., the height 5in., and the contents^ 19.42pt. 
beer measure f Ans, 17 inches. 

45. A cylindrical cistern, Oft. 9in. deep, contains 85.43 
hogsheads. What is its diameter ? 

46. A cylindrical cistern, 7}ft. in diameter, holds 47.24 
hogsheads. What is its depth ? Ans, Oft. 

47. What should be the diameter of a cylinder that is 
6}in. deep, to hold a half-bushel ? Ans, 14} inches. 

48. What should be the diameter of a cylinder that is 
2}in. deep, to hold a half^pint, beer measure ? 

Ans, Sin. nearly. 

« Parnell. 
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Vin. ARTIFICERS' WORK/ 

* 

97* T^E Oarpenteb and Joiner. 

1* The eantents of a hoard are faand by multiplying the 
length by the mean breadth, provided the thickness does 
not exceed 1 inch. If the board tapers regularly, the mean 
breadth is half the sum of the two end breadths. If it is 
of irregular shape, the breadth should be taken at a number 
of different points at equal inten^ls, and, their average 
should be re^mled as the mean breadth. If the thickness 
exceeds 1 inch, mtdtiply the number of feet in the area by 
the number of inches in the thickness. 

If the contents are given, and. either of the dimensions 
are required, divide the contents by the product of the given 
dimensions. . 

J^ampZet. — ^A board 12ft. Gin. long, 1ft. 3in. broad, and 
fin. thick, contains 12}xli=15ift. board measure. 

A board 13fb. 4in. long, 1ft. Sin. broad, and 1} in. thick, 
contains ISiX 1}X l}=38ift. board measure. 

2. The conteTtis of square or heton timber are found by 
multiplying the mean breadth by the meaii thickness, and 
their product by the length. The mean breadth and 
thickness are found in the same manner as in measuring 
boards. Sometimes the contents are found by squaring i 
of the girt, arid multiplying by the length. This method 
is erroneous, and always gives the contents too great. Tim- 
ber is often sold by board measure. Cubic feet can be reduced 
to board feet by multiplying by 12, (provided the thickness 
exceeds 1 inch,) or the contents can be found at once in 
board measure, by taking one of the dimensions in inches, 
and the other two in feet. If the contents are given, and any 
two of the dimensions, the other dimension may be found, 

^Ingram, Gillespie, Crossley and Martin, Nichoiaon, Pratt, and 
private information. 
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by dividing the contents by the product of both the given 
dimensions. 

Examples, — ^A hewn log 19ft. Gin. long, 2ft. 2in. broad; 
and 2ft. lin. thick, contains 19 J X 2t X 2^3=884^ c. ft., or 
1056ift. board measure. 

A hewn log 30i^. 8in. long, 1ft. lOin. wide, and Ift. din. 
thick, contains 30} X 22 X li = 168} board feet. 

3. The contents of round timber are usually found by 
squaring i of the mean girt, and multiplying it by the 
length. If the tree~ is covered with bark, iin. should be 
deducted from the quarter-girt before squaring. If the bark 
is very thick, more than iin. is sometimes allowed. No 
rough timber is considered measurable, if the diameter is 
less than 6 inches.^ 

This rule gives ,the contents too small, nearly in the pro- 
portion of 11 to 14. A ton of timber is considered as 
equivalent to 40 c. ft., but 40 c. ft. of round timber as 
generally measured, really contains 50 c. ft. The statement 
usually given without any explanation in Arithmetical tables, 
that '' 40ft. of round timber, or 50ft. o£ hewn timber make 
1 ton," is therefore erroneous. The allowance was originally 
introduced as a partial compensation to the purchaser of 
round timber, for the waste occasioned in squaring it. 

If the true content is required, it can be found very 
nearly, by squaring J of the girt, and multiplying by twice 
the length.** 

Exam^pie, — ^A log 47ft. Sin. long, and girting at the 
ends 18ft. and 6ft., has for its moan quarter girt \ of (18 + 
6)~2=3. Its contents are therefore 3*x 47}=429 c. ft. 

4. Flooring, partitioning, and roofing, and all large 
and plain work, in which a uniform quaiitity of materials 

— - ^ ^ - ■ ■ ■ 

*■ Let G be the mean girt in feet, L the l ength, and C the contents 
inc.ft. Then L = 166-5- G« ; G = 4X\/(JTI^. 
^ In employing this rule, as well as in the usual method, lin. should 

be deducted from the girt if the tree is covered with bark. 

/ ' - '^ . 

/ • ... ^rlc \ 
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and labor is expended^ are generally measured by the 
"square" =100 sq. ft. Some wwk is measured by the 
linear foot or yard, some by the. square foot or yard, and 
some by the cubic foot. For some of the more difficult 
kinds of work, it is usual to allow " measure and half," or 
" double measure," but the custom varies so much in different 
places, that it is impossible to give any general rules of 
melusurement. Shingles are generally 18 inches long, and 
of the ayerage width of 4 inches. When nailed to the roof 
i is usually left out to the weather, and 6 shingles are there- 
fore required to a square foot. But on account of waste 
and defects, 1000 should be allowed to a " square." The 
weight of a square of partitioning may be estimated at from 
1500 to 2000 lb. ; a square of single-joisted flooring, at from 
1200 to 2000 lb. ; a square of framed flooring, at from 2700 
to 4500 lb, ) a square of deafening, at about 1500 lb.' When 
a floor is covered with people, 120 lb. per sq. ft should be 
added to the weight.^ « 

5. The diding rule is often used by carpenters and other 
artificers, in the measurement of timber and work. The 
foot is divided in the usual way, into inches and eighths of 
an inch, and it is also subdivided decimally and logarithmv- 
cally, so as to facilitate the labor of computing. The use 
of the rule can only be learned by practice. 

The carpenter's square is used in determining whether the 
comers of boards or buildings are square. In framing 
buildings, the comers are sometimes " squared," by measur- 
ing 8ft. on one timber, and 6ft. on the other, and placing 
the extremities of the measiured lines 10ft. apart. This 
mode of operation is founded on the property of right-angled 
triangles, that the square of the hypothenuse is equal to the 
sum of the squares of the other two sides. A roof is said 
to have a true pitchy when the length of each rafter is f of 



'Hatfield. * Tredgold. 
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ibe bireadtli of <^e building. Tbe two sides of the loof then 
form nearly a right angle. 

6. Tht area of posts, — ^All rules for determining the 
resistance of timber/ should be based on the supposition 
that the timber is of '^ merchantable" 4}uality, straight- 
grained^ seasoned, and free from large knots, splits, decay, 
or other defects. When the height of a piece of timber 
exceeds about ten times its thickness, it will bend before 
crushing. To find the area of a post that will safely bear 
a given weight, when the height of the post is less than 
ten timel3 its least thickness ;*— Divide the given weight in 
pounds by 1000 for pine, or by 1400 for oak, and the quotient 
will be the least area of the post in inches. 

£XAMPLSS. 

1. Required the contents of a board 18ft. Tin. long, {in. 
thick, and Ifb. Gin. wide, and its value at 9}cts. per foot. 

Partial Ans, Value $1.94. 

2. The length of aboard is lift. 8in.^ the thickness liin., 
and the breadths measured at five different points are as fol- 
lows; 1ft. 6in., 2ft. 8in., 1ft. 9in., 2ft. 6in., and 2ft. What 
are the contents ? Ans. 35ft. 

3. How many cubic feet, and how many feet board mea- 
sure, in a log 21ft. 6in. long, the mean breadth being 1ft, 
4in., and the mean thickness 1ft. Sin. ? 

4. A log is 42ft. 9in. long, and the girts at four points, 
outside of the bark, are 56, 45}, 58, and 64} inches. What 
are its contents by the ordinary rtile, and by the correct 
rule? 

5. How many squares of flooring in a four story house, 
42ft. 6in. by 28ft 4in. within the walls, deducting from each 
floor the vacancy for the stairway, 13ft. by 7ft. 6in. ; and 
what is the cost of the whole, at $8;87} per square ? 

6. A board i^ieasures at five different points, 1ft. 6in.| 
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1ft. 9in., 1ft. Sin., 1ft. 4iii., and 1ft. Sin., in breadth. What 
is its length, the area being 18ift. f Ans. 12ft. 6^ 

7. A stick of timber 9ft. Gin. long, measures 1 ton 14f 
0. ft. What is its mean area ? Aiis, 5ft. 9^. 

38. The Mason. 

1. Rvbhl^ waUs toe generally measured by the perch, 
which is 16ift. long, 1ft. deep, and l}ft* thick, and is 
therefore equivalent to 24i c. ft. In some places, 25 c. ft. 
i» allowed to the perch, in measuring stone before it is laid, 
and 22 c. ft. after it is laid in the wall When the wall is 
not of uniform height, the height should be measured at 
seyeral places, from the bottom of the foundation to the top 
of the wall, and the mean height employed in computing 
the solid contents. Nine pecks of good lime and 3 one 
horse loads of sand, will make mortar for 3 perches of wall. 

> Rough stone and marble are often measured by the cubic 
foot. In measuring workmanship, linear feet and yards, and 
square feet and yards are employed. 

2. The rood of ^6 sq.^ yd. is sometimes etnployed in 
measuring walls that are more than 18in. thick. The wall 
shotdd first be reduced to 2ft. thick. Thus a wall 90ft. long, 
8ft. high, and 21in. thick, is equivalent to i of a wall 90ft. 
long, 8ft. high, and 2ft. thick; * x 90 X 8=630 sq. ft; 630-^ 
9=70 sq. yd.; 70-36=1 rood 34yd. 

3. Cisterns can be measured accurately by finding the soHd 
contents in cubic inches, and dividing by the number of 
cubic inches in a hogshead, (63 x 231.) But, in measuring 
cttctdar cisterns, the rules given in Sect. 25, are much more 
convenient than this method, and are sufficiently correct for 
ordinary purposes. If great accuracy is required, measure 
the diameter and depth in inches, multiply the square of the 
«■ I ' 

^ Rough itone work is called ruhUe work. 



§28.] THB MABON. 141 

diameter by the depth, and multiply the product by either 
of the following numbers, to obtain the contents : — 



In cubic feet 
.00045461 


In ale gallons 
.002785 


In wine gallons 
.0084 


In cubic inches 
.785898 


In hogsheads 
.000064 


In bushels 


In lbs. of water 
.028326 


In Imperial gaL 
.0028826 



. 4. ArcheM are measured by applying a line dose to the 
surface in taking the dimensions. If the «£fh is not of 
Tiniform length, breadth, and thicki^ess, the dimcLsions may 
be measured at sereral points, and the mean of all the ^ 
measurements taken. A pointed arch will sustain almost 
any weight on its crown, provided the lowest stones do not 
give way. Therefore the Gothic arch is stronger for lofty 
buildings than liie circular, but the circular arch is far better 
adapted than the Gothic, for bridge^ or other works, where, 
every part of the arch may be exposed to equal, or nearly 
equal pressures. 

EXAMPLES. 

1. Bow matiy cubic feet in a block of marble, 4fk. 6in. 
long, 3ft. Sin. wide, and 2ft. 4in. thick ? 

%. How many perches of 24f c. ft. in a wall 97ft. long, 
and 2ft. thick, the heights at five different points being 4fb. 
8in.^ 3ft. 8in., 3ft. 9in., 4ft., and 5ft. 2iii. and how much 
lime will be required to make mortar for the whole 7 

3. Bequired the cost at 50cts.^ per perch of 25 c. ft., of 
making a cellar wall Gih;. 3iti. high, and Ift. v6in. thick, ^e 
outside measurement being 47ft. long, and 22ft. Gin. wide ? 

4. How many hogsheads in a cvlindrical cistern 18ft. 6in. 
in diameter, and lift. 7in. deep f 

6. How much hewn work in 18 lintels and sills, each 4ft. 
by 1ft. 6in., and in chimney copings 58ft. Gin. by 19in., and 
what is the cost of the whole at IQicts. per foot ? 

Bvrtiai Am, Cost, |21;06. 
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6. Find the eontents in cubic feet, in liogslieadfl, and in 
Imperial gallons, of a cylindrical cbtem 10ft 6in. in dia- 
meter, and 9ft;. 2in. deep. 

1st An$. 793.738 c. ft. 

99* The Brioklateb. . 

1. Brickwork is measured either bj ^ square yard, or 
by the square rod, and is usually estimated at 1^ bridu 
thick, =12 inches, the actual thi(^:ne0s being reduced to the 
standard of 1} bricks. 272 sq. ft. is genenJly counted as 
a rod, the fraction of \ sq. ft. being rejected.^ The rood 
of 18ft. sq., or 824 sq. ft., and the rod of 16} sq. ft., are 
also used. But the common practice ia now to reckon bricks 
by the 1000, the number required depending on the size of 
the bricks. In estimating the number, an allowance d ^ 
of the solid contents should be made for the space occupied 
by the mortar. 

2. The usual dimensions of bricks, are; length Sin., 
breadth 4in., thickness 2in. Whateyer the length may be, 
the breadth is generally i, and the thickness i as great; 
thus a bpck 9 inches long, would be 4} in. wide, and 2} in. 
thick. In some places, all walls are charged ais solid, no 
allowance being made for doors, windows, or other openings; 
in others, tlie openings are deducted in charging for mate- 
rials, but the workmanship is estimated as if the walls were 
solid; in others an allowance of one half is made for all 
openings; and in others the actual materials employed, and 
workmanship expended, are charged. 

8. The number of rods in any wall may be found by 
multiplying the area of the surface by i of the number of 
half-bricks'* in the thickness, and dividing the product by the 
number of .square fleet allowed to a rod. A load of sand=: 
80 struck bushels ; a ton = 24 c. ft. 

» The weight of a rod of brickwork may be eitimated at 16 tona. 
^Ahalf-briek»4iiichM. 
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SXABfPUES. 

1. How many bricks of the usual sisse, will be required 
to make a wall 40ft. long, 16ft. high; and 2 bricks thick, 
making allowance for mortar ? 

Ans. ^ of 40 X 16 X li X 27=20736. 

2. How many roods of 324ft. in a wall 96ft. long^ 10ft. 
high, and 3 bricks thick, and what is the cost of the bricks 
at $7.75 per M ? Am, Cost, $361.58. 

3. A garden contains li acreo^ and is 150ft. wide. Be- 
quired the cost of enclosing it with a brick wall Oft. 4in. 
high and 3 bricks thick, at $7.50 per M., deducting 2 doors, 
eaqh Oft. 3in. by 4ft., and a gateway 12ft. wide ? 

Am, $3404.19. 

SO* The Plastebeb. 

Plain plastering IB measured either by the square foot, 
the square yard, or the ^^ squire" of 100 sq. ft. The number 
of coats, and the quality of the finishings, should be stated 
in the bill. Cornices and mouldings, if 12 inches or more 
in girt, are sometimes estiinated by the square foot; if less 
than 12 in<^hes, they are usually measured by the linear foot. 
Plastering on walls is called rendering; ceiling , is plastering 
on laths. The custom varies as ta the proper allowance 
for d6ors and windows. 

EXAMPLES. 

1. What will be the cost of plastering a ceiling 21ft. 6in. 
long, and 19ft. 6in, wide, at llcts. per sq. yd: ? 

2. How much plastering on a partition 22ft. 3in. long, 
and 7ft. 9in. high, deducting two doors, each 6ft. by 8ft. 
2in., and what will it cost at 12}cts. per sq. yd. ? 

Am, Cost, $1.87. 

8. How many squares of ceiling, and. of rendering, and 
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bow many feet of cornice, in a hall 60ft. long, 28ft. Gin. 
wide, and lOft. high, deducting 17yd. 6ft. 6' for doors and 
windows? Ans, 16 sq. 1yd. 2ft. 6^ of rendering. 

17 sq, 1yd. 1ft. of ceiling. 

177ft. of cornice. 

31* The Painter and Glazier. 

Painting is measured by the square yard. In taking ibe 
dimensions, the measuring line is laid into all the mouldings, 
(90 as to reach every point which the brush touches. 

Qlazing is sometimes measured by the square foot, some- 
times by the piece, or by the light. In estimating by the 
square foot, it is customary to include the whole sash. Cir^ 
ctdar or oval windows are measured as if they werer square. 

examples. 

1. A room is 24ft. long, 18ft. 6in. wide, and Oft. Bin. 
high. How many yards of painting are in it, deducting a 

. fire-place 4ft. 6in. by 4ft.^ and 3 windows, each 6ft. by 3ft. 
Sin. ? AuB. 81yd. 2ft. 

2. At 12}cts. per yard, what will it cost to paint a wall 
15ft. 8' by 8ft. 3^? Ans. $1.78. 

3. How mtmy feet of glazing in .an oval window ,4ft. 6^ 
by 2ft. 8^ ? 

4. At 18icts. per foot, what will it cost to glaze 3 stories 
of a house, with 8 windows in each story, the breadth of 
each window being 3ft., and the height 5ft. 4in. ? 

Ans. 972. 

33. Toe Payer, Slater and Tiler. 

Paving is measured by the square foot, the square yard, 
or the rood of 36 sq. yds. If the pavement is grooved, the 
grooves are added to the surface measure. 

Slating and Tiling are measured by the square yard, by 
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the rood, or bj the ''square" of 100 sq. ft. It is not ugiiil 
to make any deductions for chimneys, skylights, or other 
apertures. In measuring the girt of slate roofs, allowance 
must be made for the double row at the eaves.* 

EXAMPLES. 

1. A yard is 80ft. long, and 28ft. Bin. wide. What will 
it cost to pave it at 70cts. per square yard? 

2. The side of a square court measures 120 feet. What 
will it cost to pave it, leaving a flagged walk 6ft. wide alround 
the outside, at 75cts. per yd.^ and paving the rest with 
bricks at $8.00 per M., allowing 4 bricks to a square foot? 

Ans. 9601.25. 

3. How many roods of tiling in a roof 52ft. 8^ long, and 
45ffc. 6^ in girt ? 

4. At $1.30 per yard, what will be the expense of slating 
a roof 49ft. 6^ long, and girting 46}ft. ? Ans. $333}. 

33. The Plumber. 

Plumbers' work is generally done by the pound or hun- 
dred-weight. A square foot of sheet lead, y^in. thick, weighs 
5.899 lb. From this value the weight of a square foot of any 
other thickness can readily be determined. Lead pipes of 
Jin. bore, weigh about 10 lb. per yd. ; lin. bore, 12 lb. ; 
liin. bore, 161b. ; IJin. bore, 181b.; IJin. bore, 211b.; 
2in. bore, 24 lb. 

The contents of lead pipe of any given dimensions, may 
be found by the"^ table in Sect. 28, for measuring cisterns. 

EXAMPLES. 

1. What is the weight of 1 sq. ft. of lead, the thicki^ess 
being i of an inch ? 

— ■ ■ ■ ■ .1 l y ■■ ■ »■■ .1.1 ■■ I ■■ ■ ■■ ■ » ■■■ ■ 1^.- ■■ M^ — 

* The weight of a square fi}ot of sl&ting may be estimated at Hi lb. 
The greatest force of the wind on a roof, is about 40 lb. per square 
hoXr-'Tredgold. 
10 
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2. lind the weight of lead necessary to coyer one sddie of 
ft roof 86fiL 9ui. long, and 18ft. 8in. wide, at 8} lb. per 
i^puurefoot. 

8. What IB the cost of covering and guttering a roof, at 
18s. per cwt.y the length of the roof being 43ft.y and the 
girt 32ft.; 57ft. of guttering 2ft. wide; weight of roofing, 
9.831 lb. per sq. ft., and of guttering 7.373 lb. per sq. fti. ? 

Ans. £115 9s. l}d. 

4. Bequired the expense of a leaden pipe, Ifin. bore, 
and 185ft. long, at llcts. per lb. 

5. A roof 40ft. long, and 57ft. girt, is covered with lead 
^in. thick; the water pipe is liin. bore and 52ft. long, and 
the waste pipe Is 2in. bore and 40ft. long ; the water cistern 
is 4ft. 3in. long, 3ft. Gin. wide, and 3ft. deep, and lined with 
lead jin. thick. What is the amount of the plumber's 
bill, rating the sheet lead at 97.^50 per cwt., and the pipe at 
lOcts. per pound ? 

34. Spegieioation and Estimates. 

1. Specification of materials to be prorided^and labor to be per- 
formed^n the construction and finishing of a Schoolhotise for the 
Citj of Worcester, to be erected on Summit Street in BsAd City, 
according to plans drawn by E. Boyden, Architect, and herewith 
presented. 

Size of flouse. — 58 feet long by 60 feet wide, not including the 
projection of the pilasters. 

Height of stories as figured on Section of Front Eleyation. 

The location of the cellar, and depth of ezoaYation, to be deter- 
mined by the building committee. 

A well to be dug upon the lot in such location as directed by 
the building committee, and also to be stoned up so as to leave a 
diameter of three and a half feet in the clear. 

All earth dug out of the cellar and well, to be deposited upon 
the lot, as may be directed by the building committee. 

The foundation walls to be three feet thick at the bottom, 2} 
feet thick at the top, and of such height as may be determined by 
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the brdlding committee. The walls to be mlide of large square 
block-stone, well faced and bonded.* 

Underpinning 2 feet wide, and not less than 8 inches thick, to 
be made of rough split South Ledge stone, with a rough-hammered 
bcYelled wash** between the pilasters. The face of the under- 
pinning to project as far forward as the face of the pilasters. 

Stone steps, of Une-hammered South Ledg^ granite, located and 
of such size as represented on the plan. 

All the foundations for piers and partition walls, to be not less 
than 8 inches thick, and to be placed as represented on the plan 
of the cellar. 

Stone lintels oyer all the cellar windows, and four stone thresh- 
olds of fine-hammered South Ledge granite, to be made of the 
dimensions marked on the ground plan. 

Outside wall of brick to be one foot thick, with pilasters pro- 
jecting 4 inches beyond the face of the wall, and Corbel-Course* 
and Frieze,^ as shown on eleyation. 

Four brick piers in the cellar, each one foot square, and a brick 
partition 8 inches thick to be carried from the bottom of the cellar 
to the attic floor, as represented on the plans. 

The chimneys to be located and constructed as represoited on 
the ground plan. 

Building to be lathed throughout, and plastered with two coats, 
except the play-room in the basement. Walls not to be plastered 
underneath the ceiling. 

All the windows to haye four-course,* tooled sandstone caps, 
and two-course sills. The doors to haye fiye-course caps of tiie 
same material. 

Twenty ventilating registers, each one foot in diameter, to be 
famished and inserted, two in each yentilating flue, one near the 
iloor and the other near the ceiling. All the rooms to be thus 
TentUated except tiie play-room. 

For the arrangement and rizes of timber in the first three floors, 
see plan of flooring, as represented on the basement plan. 

* Laid like bricks, eo that the joints will not come over each other, 
^ The wash of the stone is the' inclined surface for water to run ofl*. 

* Projections in a wall to sustain the timbers of a floor or roof, tie 
called corbels.. 

' The part of the wall above the pilasters. 

* Of the thickness of four courses of brick. 
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Frames tb be made entirely of good spruce framing timber. 
Joists in 4th or attic floor to be 2 X 9» framed 16 inches between 
centres. All other timber in roof and obserratory to be of the 
size figured on the plan y>f roof. 

Joists in first three floors to be jointed {in. crowning* to 16 
feet in length. All floorings to be bridged with good X bridging 
where marked on plan of flooring. All large timber to be well and 
properly secured to the brick w&Us by suitable anchor irons. The 
joists to be also secured in a similar manner, as often as once in 
every ten feet. 

Roof to be boarded with suitable {in. boards, planed, jointed, 
matched, and suitably tinned. Roof to be bracketed and project 
as represented on eleyation. Obserratory to be framed and finished 
in eyery respect as represented and figured on plan of obserratory, 
front eleyation,. and plan of roof. 

Lintels ^ X 7}in. to be furnished for all windows and doors. 
All floors tb be lined with suitable fin. lining boards laid edge to 
edge, and nailed with 8d. nails. 

The floor to the upper schoolroom to be deafened in the centre 
of the floor joists with a suitable coat of coarse mortar. AU top 
floors to be of suitable southern hard pine }in. thick, and not 
to exceed 6in. in width, well laid and nailed with 12d. floor nails. 

Five iron columns to be placed as represented on plans of base- 
ment S.nd second story, of size aijid quality like those in the Pleas- 
ant Street Schoolhouse. 

Partitions to be arranged as represented on plans. Those in 
basement and 2d story, to be constructed of 2x6in. partition 
plank, bridged once with Hx ^^^' herring-bone bridging. Those 
in dd story to be of 2 X ^ii^* partition plank, bridged twice with 
herring-bone bridging as abore. All partition plank to be jointed 
and set edgewise, so as Aot to exceed one fbot between centres. 
The contractor is also to make all necessary arrangements in the 
partitions for pipes to convey heated air to all the different apart- 
ments, and to do all necessary wood-work preparatory to putting 
in registers to admit the hot air. The house to be furred through- 
out with 1x2} inch forrings, placed at the distance of one foot 
between tiieir centres. 

Teachers* platforms to be elevated 6 inches above the floor,, of 
the situation and sizes represented on plans. 



* Long timbers are usually made '' crowning" in the centre, so as to 
al(ow for settling. 
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All window-frames to be eonstruoted as represented by tbe 
drawings, with hard pine pulley styles.* 

Fotur. cellar window frames, to be made of 2in. chestnut plank, 
each large enough for a window with 4 lights of 9 x 12 glass. All 
sash to be of first quality Eastern pine stock, lip sash, ogee'' style, 
l^in. thick, to.be double-hung with suitable weights, cords, and 
pulleys, and glazed with best (piality German glass of such sizes 
as figured on front eleyation. 

All windows in 2d and dd stories to hitTe blinds to slide into 
the walls upon each side of the window, as shown on detail of 
window frame. 

Four outside doors with side lights, as represented on front ele- 
yation, each 8ft. high by 8^ft. wide, and 2in. thick, 4 panels with 
beyel joints, to be hung with 8 sets 4in. loose joint butts, and 
trimmed with suitable mineral knobs. The two front doors to 
have suitable mortice locks, and the two other doors suitable bolts 
inside. All other doors to be 8^x7iftl 4 panels, If in. thick, 
with bevel joints,, suitably hung with 3 sets of 4in. loose joint 
butts, and trimmed with suitable mineral knobs and mortice locks. 

A flight of cellar stairs, with hard pine treads lin. thick, placed 
as represented on cellar plan. All other stairs located as repre- 
sented on plans, with hard pine risers lin. Uiick, and treads IJ^in. 
thick, and to haye cherry newels'^ and hand-rails. All staircases 
to be ceiled up on the well-room <* side as high as the hand-rail^ 
and all rooms to be ceiled as high as the window stools, with suit- 
able Eastern pine stock fin. thick, not to exceed 6 inches in widtiii, 
jointed, matched, and beaded. 

Cleats to be put up in entries and recitation rooms, sufficient to 
contain 80 doz. glazed clothes-hooks, placed 6 inches apart, and 
to be provided with said hooks. 

All doors and standing wood-work inside, to be grained in imi- 
tation of oak. Jet and brackets to be painted and sanded in imi- 
tation of sandstone. Observatory, window frames, and door frames, 
to be painted white and sanded. All painting to be done with 
three coats of pure whito lead and linseed oU, colored as above 
specified. Tinning upon the roof tO be painted with one coat upon 
the under side, and two upon the upper side, of spruce yellow and 
boiled linseed oil. 

* The strips in which the window pulleys are placed. 

^ An ogee is a moulding resembling the letter S in its outline. 
^ The posts into which the hand-rail is inserted are called newels. 

* The space occupied by the stairway is called the welI<room. 
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A piece of rftised tin to be placed on each side^ of each front 
door to torn the water off ontaide of the door. A single floor to 
be laid in the attic, of common white pine boards {in. thick, planed, 
jointed, matched, and nailed with 8d. nails.* 

2r Estimate.*' 
45 squares of roof .... at $12 
83 ^^ ceiling 

82 windows . 
12 " • . . 

6 iron columns 



8 
16 
10 
12 

4 outside doors with frames and trimming 16 

50 
8 



6 flights of stairs . ^ . 
80 squares attic flooring . 

8 hard pine floors . 
Iron work for building . 
Observatory . 
40 brackets . 
14 inside doors trimmed . 
14 door casings . 
85 window casings . 
2000ft. boards for furring 
Labor in furring 
Painting 

82000ft. timber in frame . 
Deafening $150. Nails $10 
2200jds. plastering 
200000 brick 
Caps and sills 
175 seats 
175 ". 

125 perch of stone 
500yd. excavation 



900.00 



45 



250.00 



2.25 
8 

4.76 
1.12J 
16 



75.00 
250.00 



22 



.22 
8.50 



225.00 



8.25 
.80 

1.00 
.15 



«7991.62» 



» The foregoing specification furnishes materials for a great number 
of useful questions, which the teacher may frame so as to adapt them 
to the wants of his pupils. 

** In each item, the expense of labor is included. 
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8. BsnuATB or thb Matibials and Labca 

BBQUntlD IN A OOTTAOX. 

JVom RanUtf9 Architect. 

% 

296 oabio yds. exoavation @ .09 

2538 cubio ft. stone work @ .10 

7 stone sills @ .60 

24 linear ft. steps @ .14 

Cistern work 98.60; 4 hearths @ 8.00 

1 marble mantel $50; 2 veined mantels @ 26.00 

2 brown stone chimney caps @ 14.00 
1451 square yds. plastering @ .26 
86500 brick @ 9.50 per M. 
268 linear ft., cornice @ .24 
16196ft. timber in frame @ 2.00 par himd. 
474 j(nst) set in frame and partitions @ .18 

4782 sq. ft. of sheathing and siding @ .07 

2288 '' '^ and iron roof @ .16} 

60 linear ft. 8in. leader^ @ 12}c.;, 114ft. @ .11 

8485 square ft. of interior floor @ .04 

1002 « " veranda " @ .08 

1184 " '" '' roof @ .09 

172 lin. ft. main cornice \ @ .85 

88 « '< wing « @ .70 

199 " " veranda " @ .55 

15 veranda columns^ $10.50 ; 8 antao @ 8.00 

164fi;. veranda cornice and filling @ .14 

15 steps and rises — ^baok stairs @ 1.00 

18 " « « principal " @ 8.60 
2 front doors, with side and head, lights @ 80.00 

11 doors in principal story @ 11.00 

10 " second " @ 8.00 

10 </ wing @ 7.00 

7 doable windows, first story @ 14.00 

8 " « second « @ 10.00 
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7 doable windows^ wing 


@ 


9 

9.00 


8 single '< 


® 


6.50 


6 cellar " 


@ 


2.50 


8 wood mantels @ $4.50; 7 bells 


@ 


3.25 


400 square yds. tight furring 


@ 


.07 


197 linear ft. of blinds 


@ 


.80 


1162 " " of base 


@ 


.04 


12 closets, to shelve and put in hooks 


@ 


4.50 


10001b. white lead in oil 


@ 


7.00 per hvnd. 


43 gallons linseed oil 


@ 


80 


4 « " " boiled 


@ 


.90 


6 " spirits turpentine 


@ 


.50 


J " yamish 


@ 


4.00 


80 lb. putty, @ 4ct. ; 10 lb. litharge 


@ 


.06 


8 lb. glue, @ 20ct. ; 2 lb. lampblack in oil @ 


.40 


6 lb. chrome yellow in oil 


@ 


.30 


60 days painters' labor 


@ 


1.75 , 


Hardware; — blocks, bolts, window weigh 


t8,&0. 


99.39 




14550.00 



K. STEENGTH OF MATERIALS. 

All solid substances may be exposed to four kinds of 
strains. 1st, they may be torn asunder, as in the case of 
ropes, tie-beams, king-postS) &c. 2d, they may be cnished, 
as in the c^se'of columns, posts, &c. 8d, they may be broken 
across, as in the case of joists, beams, &c. .4th, they may be 
twisted or wrenched, as in the case of wheel-axles, the screw 
of a press, the rudder of a vessel, &c. Numerous experi- 
ments have been made to determine the strength to which the 
materials in common use may safely be subjected, and tables 
have been oo^ipiled from the results of those experim^its. 
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3S. Table of the Flexibilitt and Strength 

OF Timber.' 



Name of wood. 


Specific 
Gravity. 


Value 
ofU.b 


Value of E.c 


Value 
ofS.«* 


Value 
of C.« 


Teak 


745 


818 


9667802 


2462 


16556 


Peon 


579 


696 


6759200 


2221 


14787 


English Oak 


969 


598 


8494780 


1181 


9836 


Do. specimen 2 


984 


485 


5806200 


1672 


10853 


Canadian Oak 


.872 


588 


8696864 


1766 


11428 


Dantzic Oak 


766 


724 


4765760 


1457 


7886 


Adriatic Oak 


993 


610 


8885700 


1588 


8808 


Ash 


760 


395 


6580760 


2026 


17887 


Beech 


696 


616 


5417266 


1656 


9912 


Elm 


568 


609 


2799847 


1013 


5767 


Pitch Pine 


660 


588 


4900466 


1682 


10415 


Red Pine 


657 


605 


7859700 


1341 


10000 


New England Fir 


563 


767 


5967400 


1102 


9947 


Riga Fir 


768 


588 


5814570 


1108 


10707 


Do. specimen 2 


788 


• 


3962800 


1061 




Mar Forest Fir 


696 


588 


2681400 


1144 


9589 


Do. specimen 2 


693 


408 


8478828 


1262 


10691 


Larch 


581 


411 


2466488 


653 




Do. specimen 2 


522 


618 


859li33 


882 




Do. specimen 3 


656 


618 


4210880 


1127 


7665 


Do. specimen 4 


560 


618 


4210880 


1149 


7852 


Norway Spar 


577 648 


5832000 


1474 


12180 



36. Problems in deterboning the Strength 

OF Timber.' 

1. To find the strength of direct cohesion of a piece of 
timber of any given dimensions. 

JRtde. — ^Multiply the number of square inches in the trans- 
verse section by the value of C in the table, (§35^) and the 
product will be the strength required in pounds. 

N. B. If the specific grayitj differs from the mean specific 
grayit]^ of the table, multiply the product by the actual specific 
gravity, and divide by the tabular specific gravity for the correct 
strength. . • 



* Ingram. 

^ Ultimate deflection. ^ Elasticity. ' Str^gth. * Cohesion. 
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If 5 s= the breadth ui inches, and <f= the depth, 6x<^XC=»W.. 
If either b or din required, divide W by the product lof the remain- 
ing factors. 

2. To find the deflection of a beam fixed at one end, and 
loaded with any given weight at the other. 

Rule. — ^Divide 32 times the weight multiplied by the cube 

of t^e number of inohes in the length of the beaon, by the 

continued product of the tabular value of E^ the number of 

inches in the breadth, and the cube of the number of inches 

in the depth of the beam. 

N. B* When th« beam is loaded uniformly throughout, multiply 
the cube of the length by 12 times the weight, instead of 82 times 
the weight. 

3. To find the deflection of beams supported at both 
ends, and loaded in the middle with any given weight. 

Etde. — ^Multiply the cube of the number of inches in the 
length, by the number of pounds in the given weight, and 
divide by the continued product of E, the number of inches 
in the breadth, and the cube of the number of inches in the 
depth qf the beam. 

N. B. When the beam is not only supported, but is fixed at both 
ends, the deflection is f of that given by the rule. 

If the weight is distributed uniformly throughout the length 
of the beam, the» deflection will be f of that given by the rule. 

4. To find the ultimate deflection before their fracture of 
beams or rods supported at both ends. 

^ttfe.— Mtdtiply U by the number of inches in the depth 
of the beam, and divide the square of the number of inches 
in the length by the result. 

5. To find the ultimate transverse strength of any. rec- 
tangular beam of timber, 'fixed at one end and loaded at 
the other. 

Rule, — ^Find the continued product of S, the number of 
inches in the breadth, and the square of the number of 
inches in the depth, and divide the continued product by 
the number of inches in the length. 
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If W represents the number of pounds that would produce 
fracture, I the length in inches, b the breadth in inches, and d the 
depth in inches, /=Sx*Xrf'-*-Wj &«/X W-j*(Sx <'*); d=. 
V/XW^{Sx*); S-/ X W-4.(ft X rf«). 

6. To find the ultimate tranBrerse strengtb of any reo^ 
tangokr beam when supported at both ends, and loaded in 
the centre. 

RviJU. — ^Find the continued product of S, 4 times the num- 
ber of inches in the breadth, and the square of the number of 
inches^in the depth, and divide the product bj the number 
of inches in the length. 

/^4xSxftXtf« -?-W; i«:lxW-4.(4x8xrf«); <'«- 
x/lXW^(4xSx&); Sr=4lxW^(4xftX<i'). 

N. B. When the beam is fixtd at each end and loaded in the 
middle, the result obtained by the ilile most be increased one- 
half. 

"V^en the b.eam is loaded uniformlj throughout its length, the 
result obtained by the rule must be doubled. 

When the beam is fx«d at both ends, and loaded uniformly 
throughout, the result obtained by the rule must be trebled. 

If the load is to be permanent, it should not exceed \ of the 
amount obtained by the rules. 

7. To find the weight under which a given column will 
begin to bend, when placed vertically on a horizontal plane. 

Rule. — ^Find the continued product of E, the cube of the 

number of inches in the least thickness, the number of 

inches in the greatest thickness, and .2056. Divide this 

continued product by the square of the number of inches in 

the length. 

If W represents the number of poifnds that the column can 
sustain, d the number of inches in the greatest thickness, b 
the number of inches in the least thickness, and I the num- 
ber of inches in the length; rf=W x?-r-(E X ^^X -2056) ; 

*= VWx/*-4-(.2066xExrf); 1= VB><rfX ^X.2066-5-W; 
E«=W X P-t- (rf X ** X .2056). 
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87. Examples for the Pupil. 

1. What weights ' will be required to tear asunder two 
pieces of beech, each 4iii. wide, and 8in. thick, the sp. gr« 
of the 1st being 696, and that of the 2d 678 ? 

2d Am. 1168681b. 

2. A red pine beam 8ift. long, 4in. broad, and 6in. deep, 
is fixed at one end, and loaded with a weight of 600 lb. 
Required the deflection, when the weight is suspended at 
its extremity, and also when it is distributed uniformly 
throughout the length of the beam. Jst Arts, 2.61in. 

3. A beam of Canadian oak, 6in. broad, 8in. deep, and 
26ft. long, is supported at both ends, and loaded with a 
weight of 3000 lb. Required the deflection when the weight 
is placed in the centre, and also wheu it is distributed uni- 
formly throughout the length. 2d Ans, 2.23 inches. 

4. Required the deflection at the instant of fracture, of 
an ash beam 80ft. long, 9in. wide, and ^n, deep. 

Ans. 64.68 inches. 

6. What weight will be required to break a beam of larch, 
sp. gr. 631, fixed at one end and loaded at the othei^ the 
breadth being 3in., depth 6in., and length 6ft f 

An$. 979} lb. 

6. What weight will be required to break a beam of pitch 
pine, supported at both ends and loaded in the middle, the 
length being 16ft., the breadth 6in., and the depth din.? 
What weight would be required if the beam were Jixed at 
both ends, and loaded uniformly throughout f 

Ist^rw. 166241b. 

7. What weight will bend a column of New England fir, 
8ft. 4in. long. Sin. wide, and 6in. thick, placed vertically 
on a plane, the weight being applied to its upper extremity? 

Ans, 212007.87761b. 

8. What weight would have been required to break the 
beam mentioned in Ex. 6, if it had been fixed at each end, 
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and loaded in the middle ? If it were merely supported at 
each end^ and loaded uniformly throughout its length? 

38. Table sHbwiNG the Number of Pounds that 

WILL PULL ASUNDER A PrISM ONE INCH SQUARE^ Of 
DIFFERENT MATERIALS, ACCORDING TO THE EXPERI- 
MENTS OF M. MUSCHENBROEK.^ 



Cast gold .. . . 
Cast silver- . . 
Anglesea copper • 
Swedish copper . 
Cast iron • . • 
Bar iron, ordinary 
Ditto, best Swedish 
Bar steel, soft . . 
Ditto, razor temper 
Cast tin, £ng. block 
Ditto, grain . • . 
Cast lead .... 
Regulns of antimony 
Zinc . • * • • 



22000 

41000 

84000 

87000 

50500 

68000 

84000 

120000, 

150000 

5200 

6500 

860 

1000 

2600 



Bismnth 2900 

Good brass . • . . 51000 

Ivory 16270 

Horn 8750 

Whalebone .... 7500 

Compositions. 

Gold 5, copper 1, . . 50000 

Silver 5, copper 1, . . 48500 

Swedish copper 6, tin 1, 64000 

Block tin 8, lead 1, . . 10200 

Tin 4, lead 1, zinc 1, . 18000 

Lead 8, zinc 1, • • . 4500 



According to the experiments of Mr. Rennie. 



. 


No. of Km. that wooM 


Lencth in ft. that 
wnuM break with 


-^ 


tear asunder a priun 




1 in. aqtiare; 


it* own weight. 


Cast steel 


1 • • . • 


134256 


39455 


Swedish iron , 












72064 


19740 


English iron . 












55872 


16938 


Cast iron 












19096 


. 6110 


Cast copper ' 


-o ^ 










19072 


5092 


Yellow brass 












17968 


5180 


Cast tin 












4736 


1496 


Cast lead 








,• 




1824 


384 


Good hemp rope 










6400 


18790 


Ditto, lin. in diameter . 






. 1 5026 

1 • 


18790 



39. The Lateral Strength of Bar^ one foot 
long, and one inch square.* 



Weiffat that will bieak them. 


Weight ther cao beai 
withiiliBlj. 


Breakinf weight. 


Safe 
weight. 


Cast iron 32701b. 
Oak 627 lb. 


10901b. 

2091b. 


Memelfir 3901b. 
Am. white pine 2061b. 


1801b. 
691b. 



Ingram. 



40« The Cohesivb Fobox or a bquabi inoh or 


, 


Iron 


or DirrERX^ kinds. 


a 




Iron wire . . < 


» • 


Ilg0771b.^ 


EngHsh inm . 


• ~ • 


667721b, 


Ditto'* . . . 




98964 " 


Welsh iron . 


9 




64960 " 


Bwedish iron 




78860 " 


Ditto . . 


» 




66776 " 


Ditto . . . 




72064" 


Germiui iron 






69188 " 


Ditto. . . 




64960" 


French iron 


^ 


, ■ . 


61000" 


Ditto. . , 




68244 " 


Bussian iron 


• 




69472 " 


English iron . . 




66000" 


Cast iron . 


> 




18296 " 


Ditto . . . 




66000" 


Ditto . . . 


» 




19488" 


Ditto.. .. . 




61600" 


Ditto; Welsh 


1 4 




16266 " 



41* The Numbeb or Pounds necessabt to obush 

Cubes or 1} inches.' 

Aberdeen granite, blue 24686 
White-veined Ital. marble 21788 
Very hard freestone . . 21264 
Pnrbeck limestone ... 20610 
Limerick limestone, black 19924 
Peterhead granite . . . 18686 
Compact limestone . . . 17864 
Yorkshire paving stone . 16866 
Dundee sandstone .... 14919 



Craigleith stone, 




with the straU 16660 


Ditto across ditto 


12846 


Cornish granite . . . . ■ 


. 14802 


White statuary marble 


. 18682 


Fine brick 


. 8864 


Tellow baked brick . . . 


2264 


Bed brick 


. 1817 


Pale red brick. . . . . , 


. 1266 


Chalk 


. 1127 



One-inch Cubes were crushed by the roLLowiNa 

weights: 

Elm ...... 12841b. I English oak . . . 88601b. 

White deal. * . . 19281b. | Craigleith stone . . 86881b. 

Cubes or oNE-rouRTH or an inch were crushed by 

THE FOLLOWING WEIGHTS: 



Iron, cast vertically . 111401b. 
Ditto horiiontally . 10110 " 
Cast copper 7818" 



C^ttin 9661b. 

Cast lead 488 " 



* Ingram. 

*> The different numbers represent the different results obtained by 
the most careful experimenters. 
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49« Tablb or Iron and Hempen Cables or 

EQUAL STBENQTH.^ 



IranCaMM. 


BMipCUilci. 




DiuMtar of IroB Bod. 


Ciiounfamee of lapa. 


nuUtau, 


Inehet. 


/iieAet. 


Ibfw. 


i 


9 


12 


\ Jt 


10 


18 


1} 


11 


26 


12 


82 


JA 


18 


86 


14 to 16 


88 


ij 


16 


44 


1# 


17 


62 


Ix 


18 


60 


ll 


20 


70 


2 


22 to 24 


80 



The stress given in the above table is the greatest to 
which the eabl^ should be exposed^ and is about } the 
breaking strain.^ 

A '^^ble's length/' is 120 fathoms. 
43. Mean WEianr or a oubio i^ot or Stone, and 

THE VtoGHT IT WILL SUSTAIN WITH SATETY." 



i 


Walght. 


FMmv* 


Sandy Bay granite . . 


168.481b. 


1970001b. 


Quinoy " . , 








167.04 " 


166000 *' 




Concord •* 








169 " 


149000 *< 




Frankfort " . ' \ 


f I 4 






162 " 


148000*' 




New York white marble 








178 " , 


86000 *< 




N. Haven yariegaied " 








176 " 


89000*' 




Penn. dove marble 








170 " 


86000 *< 




Vt. " "... 








168 « 


86000*' 




Thomaston blue marble 








179 « 


90000*' 




Connecticut sandstone • 








164 " 


118000*' 




North River " 








166 " 


108000 *' 




Potomac " 






168 " 


98000** 



• Ure. 

^ A common rope 1ft. long, and 1 inch in circumference, weighs 
•044 to .046 lb. In a cable, it weighs .027 lb. To find the number of 
pounds which a rope will sustain, square the number of inches in its girt, 
and multiply by 200 for commonropes, and by 120for cM^B'^-^TredgM. 

• Shaw. 
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44. Peoblems on the Strength of Iron. 

1. To find the breadth of a nniform cast-iron beam^ to 
sustain a given weight in the middle. 

Rvle, — Multiply the number of feet in the length, by the 
number of pounds to be supported, and divide the product 
by 850 times the square of the number of inches in the 
depth. The quotient will give the numb^ of inches in the 
breadth. 

When neither the breadth nor depth is known, but 

merely the proportion that exists between them; find the 

continued product of the number of ft. in tl^e length, the 

number of lb. in the weighty and the ratio of the depth to 

the breadth; divide the continued product by 850, and 

extract the cube root of the quotient. The result will be 

the number of inches in the depth. 

IfW s the weight to be supported in pounds, I =s the length in 
£eet, b =. the breadth in inches, and d = the depth in inches, W => 

860 xbxd^-i-l; d=.s/ilx W) -^ (860 X b) ; Z=860x6X 

2. To find the proper breadth and depth of a beam of cast 
iron supported at both ends, when the load is not in the middle. 

i?wZc.^— Measure the number of feet from the point at 
which the weight is applied, to each support, and find the 
product of the two numbers ; divide 4 times this product 
by the whole length between the supports, and proceed 
with the quotient in the same manner as with the length in 
Problem 1. 

N. B. When the load is uniformly distributed oyer the length 
of the beam, the depth need be only > as great as when it is all 
placed in the middle. 

3. To find the proper breadth and depth of an iron beam 
fixed at one end, and the load applied to the other, or of a 
beam supported upon a centre of motion. 

Rule, — ^Take the length from the point at which the beam 
is fixed, or from the centre of motion, to the point where the 
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load is applied^ and oaloulate the strength by the niles 
in Problem 1^ using instead of 850; 212 for cast iron^ 238 
for wrought iron^ or 425 when the weight is uniformly diA* 
tributed over the length of the beam. 

4. To find the proper depth of the teeth of wheels. 

Rule. — ^Divide the number of pounds which represents 
the stress of the wheel at the pitch-Ksircle/ by 1500; and 
extract the square root of the quotient. The restdt will giya 
the thickness of the teeth in inches. 

N. B. The length of the teeth ought not to exceed th^ thiok- 
ness. The breadth should be in proportion to the stress upon 
them/ and this stress should not exceed 4001b. for each inch in 
breadth. 

5. To find the proper thickness of the teeth of a wheel| 
when the power of the first mover is given in pounds^ and 
the velocity per second in feet. 

Rvle. — Form the continued product of the numbers which 
represent the power and velocity per second of the first mov6r| 
and .078 ; multiply the number of revolutions the wheel is 
to make per minute^ by the radius the wheel should have if 
its pitch were two inches ; divide the first of these products 
by the second, and the cube root of the quotient will give 
the thickness of the teeth in inches. 

6. To find the proper diameter of a solid cylinder of cast 
iron to sustain a given weight, when supported at both ends, 
and the weight implied at the middle of the length. 

Rule, — ^Take the weight in pounds, and the length in feet; 

multiply the two numbers together, and divide the product 

by 500 ; the cube root of the quotient is the number of inches 

in the diameter. 

If W represents the weight in pounds, I the length in feet, and 
d the diameter in inches, W=600 x d^-^l; Z=600 X <^»-*-W. 



* The pitch of the teeth of a wheel, is the distance between the 
middle points in the bases of two adjacent teeth. It should be at least 
8.1 times the thickness of the teeth. 
11 



162 8TREN0TH OF MATERIALS. [ART. IX. 

7. To find the proper diameter of a solid cylinder of cast 
iron supported at both ends, to bear a given weight when 
the strain is not in the middle. 

Eule, — ^Take the weight in pounds, and the distances in 
feet, from the point where the weight is applied to each of 
the points of support; divide the continued product of these 
three numbers by the number of feet in the distance between 
the points of support, and cut off three figures from the right 
hand. The cube root of the result will give one half of the 
diameter of the cylinder in inches. 

8. To find the proper diameter of a solid cylinder of cast 
iron when supported at both ends, to sustain a load uniformly 
distributed over its length. 

RtUe. — Multiply the number of feet in the length by the 
number of pounds in the weight, and y^^ of the cube root 
of the product will be the number of inches in the diameter. 

W=1000x<^8-T-^' «= 1000x^5 -5- W. 

9. To find the proper length of a solid cylinder of cast iron, 
when fixed at one end and loaded at the other; also when 
the cylinder is supported on a centre of motion. 

Rrde, — ^Take the weight in pounds, and the distance of 
the weight from the point of support in feet, multiply the 
two numbers together, and J of the cube root of the product 
will be the number of inches in the diameter. 

10. The strength of direct cohesion, of the materials in 
tables, §38 and 40, may be found by Problem 1, §36, 
using the numbers in those tables opposite to the given 
material, instead of the value of C. 

11. The lateral strength of iron may be found by the rules 
for that of timber, using the number opposite to iron in § 39, 
instead of the value of S in § 35. 

12. The strength of a column to resist being crushed, is 
proportioned to the area of its transverse section. Hence, 
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to find the weight which will crush any colnmn^ mnltiply 
the number of inches in the area of its transverse section 
by the proper number in § 41, and divide the product by 21; 
or multiply the number of feet in the area of the transverse 
section, by the pressure given in § 43. The area of a cylin- 
drical column may be estimated, in making this calculation, 
at I of the square of the diameter. The trtie area of a circle, 
is found by multiplying the square of the diameter by .7854. 
The result is the numb^ of pounds. 

4US. Examples fob the Pupil. 

1. What is the breadth of a cast-iron beam 30ft. long, 
and Sin. deep, that will support a weight of 8 tons, placed 
in the middle f If th^ length is 80ft. and the breadth 6in., 
what musf be the depth to support 10 tons ? 

1st An$. 9.88in. 
2d <^ 11.47" 

i 

2. The front of a house is to be broken out to make shops, 
and the front wall, which is 40ft. long, is to be supported 
by 2 cast-iron beams, with a prop under the middle of the 
wall. If there are 4000 c. ft. of wall to be supported, 
weighing 140 lb. per c. ft., what must be the breadth and 
depth of each beam, the depth being 5 times the breadth ? 

Ans. Depth 20.352in. ; Breadth 4.0704in. 

3. The second story of a building is to project 3ft. over 
the first. What must be the depth of the fixefl iron beams, 
which are 4 inches broad, supposing the weight supported 
by each to be 33600 lb. ? Am, 7.7in. 

4. K the greatest stress at the pitch-circle of a, wheel is 
6500 lb., what should be the thickness of the teeth ? 

Ans. 2.08in. 

5. K the effective force of the piston of a steam engine 
is 10000 lb., and its velocity 5 ft. per decond, what should 
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be the thickness for the teeth of a wheel^ which is to make 
20 revolutioiis in a minute^ and to have 120 teeth?' 

Ans, 1.46in. 

6. What weight will a Gast-iit>n cylinder^ supported %t 
both ends, sustain in the middle of its length, the diameter 
being 8 inches, and the length 16} ft. f Ans. 15515 lb. 

7. What must be the diameter of a cast-iron cylinder, 
which is 20ffc. long, to sustain a weight of 33600 lb., the 
weight being applied at the distance of 5ft. from one end f 

Ans. 10.026in. 

8. A load of 25000 lb. is to be uniformly distributed over 
a solid cast-iron cylinder. Bequired the length of the 
cylinder, the diameter being 9 inches. Ans. 29.16ft. 

9. A solid cylinder of cast iron, 8 inches in diameter, is 
supported in the middle. What may be the length of the 
arms, to support 10000 lb. at the extremity of each ? 

Ans, 6.4ft. 

10. What weight would pull asunder a hemp rope 2]^ inches 
in diameter ? Ans. 31412} lb. 

11. What weight distributed uniformly over a cast-iron 
beam, 20ft. long, 6in. broad, and Sin. deep, will break the 
beam, it being supported at both ends ? Ans. 41856 lb. 

12. What weight can be sustained with safety by each 
of the marble pillars of Girard College, estimating their 
strength as equivalent to that of Pennsylvania Dove marble, 
the least diameter of the pillars being 5fitf'^ 

Ans. 1688610 lb., or, estimating the area at ^ of the 

square of the diameter, 1672222 lb. 

13. The length of each arm of the wrought-iroii beam 
of a balance iS'3ft., and the depth is 8 times the breadth. 

*■ The circumference of a wheel with 120 teeth, and a pitch of 2in., 
b 120 X 2 = 240in. The radius of such a wheel would be 240 -^ (2 X 
8.1416)=38.197in. See the ^ticle on Mensuration, 

^Architect*! Report. 
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Required the depth and breadth neoesaaiy to enable the 
balance to weigh i a ton. 

Ans. Depth, V8x3x 1120 -i- 238 =4.834in. 
Breadth, .604in. 

14. What should be the depth and breadth of a cast-iron 
beam, 30ft. long, to support a weight of 20 tons, placed 
lOft. from one end, the beam being supported at both ends, 
and the depth being 4 times the breadth f 

Ans. Depth, 17.7812in. ; Breadth, 4.4453in. 



-M- 



X. SPECIFIC GRAyiTY. 

The Specific Gravity of a body, is the ratio of its weight 
to the weight of an equal volume of some other body assumed 
as a standard. The standard usually adopted for this pur- 
pose is pure distilled water at a given temperature. In 
England, the temperature of 62® Fahrenheit is generally 
taken; the French take 32®, or the temperature of melting 
ice.* 

46. Tabls or Speoipio Gravities. 

Compiled from the Encyclopedia Britaainica and other 

sources,^ 



AoAOiAy inspissated jnioe 1518 
Add, aoetio 1007 to 1009.6 
acetona 1009.5 to 1025.1 
arsenic 8891 

boraoic, scales 1475 
dMo 1084.5 

fluoric 1500 



Acid, mnriatio 1284.7 

nitric 1271.5 to 1588 
phosphoric, liquid 1417 
soHd 2852 
snlphnric 1840.9 to 2125 
Agate 2848 to 2666.7 

Air 1.2808 



*■ Brands. 

^ The specific gravity of water is fixed at 1000. As a cubic foot of 
water weighs 1000 ounces avoirdupois^ the specific gravity of each 
article named in the table will represem. the weight of 1 cubic foot. 
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AUbastcr 2611 to 2876.1 

Alcohol, absolute 791 

mixed with 

water 829.8 to 991.9 
Alder wood 800 

Alum 1750 

Amber 1078 to 1085.6 

Antimony, fiised 6624 to 6860 
Apple tree 798 

Arsenic, fksed 8810 

glass of, (arsenic 
of the shops) 8594.2 
Asbestos 2577.9 to 8080.8 

Do. mountain cork 680.6 to 998.8 
Ash 727* to 845 

Asphaltum 1070 to 2060 

Basalt 2421 to 8000 

Beech 696> to 852 

Beryl,' oriental j 8549.1 

aquamarine 2650 to 2759 
Bismuth, molten 9756 to 9822 
Blood, human 1054 

Bone of an ox 1656 

Borax 1740 

Boxwood 912 to 1828 

Brass, common 7824 to 8895i> 

wiredrawn 8544 

Brazil wood 1081 

Brick 1667* to 2000 

Brickwork* 1872 

Butter 942.8 

Cadmium 8604 to 8694.4 

Camphor 988.7 

Cannel coal 1270 

Caoutchouc 988.5 

Castor oU* 970 

Cedar 457* to 561 



Chalk- 

Cherry 

Chestnut^ 

Chromium^ 

Citron wood 

Clay» 



2259 to 2657 
716 
610 

5900 
726.8 

2000 



Coal, bituminous' 1262 to 1364 
anthracite' 1500 

Cobalt, Aised 7645 to 7811 
Cocoa wood 1040.8 

Coke* 744 

Copal 1045.2 to 1189.8 

Copper,^ natiye 7600 to 8508.4 
ftised 7788 to 8607 
wiredrawn 8878 
Coral»» 2680 

Cork 240 

Cypress 644 

DiAMQND 8444.4 to 8550 

Ea&th, common^ 1520 to 2000 
mean density' 5670 
Ebony 1209 to 1381 

Elm 671 

Emerald 2600 to 8155.5 

Emery«» 4000 

Ether, acetic 866.4 

muriatic 729.6 

nitric 908.8 

sulphuric 716 to 746 
Fat 928.2 to 986.8 

Felspar 2488 to 2704 

Filbert trJBe 600^ 

Fir 498 to 558 

Flint 2248.1 to 2664.4 

Gabvxt, common 8576 to 8688 
precious 4086 to 4852 
Qas, ammonia .78459 



* CaTallo. »» 369 c. in. = Icwt. « Benjamin. 

* Ingram. • 13 c. ft. = 1 ton. ' W. R. Johnson, 
t A squere foot of sheet copper, iin. thick, weighs 11 lb. 12oz. 
k Bark>w. « Cayendish. 
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Gas, atm<M|»herio air 


1.2808 


Gum ammoniac 


1267.1 


carbonic acid 


1.87 


Arabic 


, 1462.8 


carbonic oxide 


1.1777 


guaiaonm 


1228.9 


carburetted hydro. .73848 


lac 


1189 


chlorine 


8.0401 


trag^caath 


1816.1 


cyanogen 


2.2228 


Gunpowder, solid 1746 


fluosilicie acid 


4.8984 


shaken 982 


hydriodic add 


6.4684 


Gypsum 


1872 to 8310.8 


hydrogen 


.0898484 


Hazil 


606 


muriatic acid 


1.6363 


Hone 2876.8 to 8127.1 


nitrogen 


1.928 


Honey 


1460 


nitrous 


1.2786 


Hornblende 


8888 to 8830 


nitrous acid 


8.908 . 


Ici" 


980 


nitrous oxide 


1.9865 


Indigo 


769 


defiant 


1.20377 


Iodine 


4948 


oxygen 


1.3588 


Iridium^ ftised 


18680 


phosph. hydrogen 


I 1.0708 


Iron,c bar 


7600 to 7788 


steam 


.76789 


cast 


6968 to 7296 


sulph. hydrogen 


1.4661 


magi^eUc 


4618 


sulphurous acid 


2.6097 


meteoric 


6480 


Glass, bottle 


2782.5 


Ivory 


1825 to 1917>» 


crown 2487 to 2520 


Jargon, of Ceyl 


on<* 4416 


mnt . 3000 to 8437 


Jasper 2368.7 to 2816 


green 


2642.3 


Jet 


1269 


plate 2620 to 2760 


Juniper tree 


666 


Gold, not hammered 


1926^7 


La&d 


947.8 


hanimered 


19842 


Lead 11862 to 11445 


Am. standard 


17860* 


Lignum YitSB 


1833 


Eng. " 


18888 


Tnmestone 1886.4 to 8188 


French «* 


17486 


Linden 


604 


Granite 2618 to 2760.9 

1 


Linseed oil 


940.8 



» The specific gravity of the Mint standard gold varies firom 17250.to 
17500,' according to the greater or less proportion of copper used in the 
alloy. The average specific gravity is about 17350. 

•» Barlow. 

« A square foot of cast iron, iin. thick, weighs 91b. 10.6oz ; a sq. ft. 
of malleable iron of the same thickness, 9 lb. 15.2 oz. ; a bar 1ft. long 
and Uin. square, of cast u-on, 91b. 8oz. ; a bar of malleable iron, of 
the same size, 91b. lUoz. ; a round iron rod, 1ft. long andliin. in 
diameter, 7 lb. 9.2 oz. 

<* Ingram. 
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liTing men* 891 

Loadstone 4200 to 4900 

Logwood 918 

BfADDIB 765 

Magnesia, svlpliate of 1797.6 
Mahogany 1068 

Manganese 6850 

Maple 755 

Marble, Carrara 2716 

Egyptian 2668 

Tarions 2516 to 2858 
Mercnry 18568 

Mica 2888 

Milk 1020.8 to 1040.9 

Molybdena, natiye 4738.5 

Mortar, dry»» 1884 to 1898 
Muriatic acid 1284.7 

Naphtha 847.6 

Nickel, metallio 7421 to 9838.8 

forged 8600 

Nitre 1900 to 2246 

Nitric acid, (aquafortis) 1500> 
Nitrous acid 1452> 

Oak» 748 to 998 

heart of 1170 

Obsidian 2848 

Oil, of turpentine 870 

oliye 915.8 

whale 923.8 

yarious 857.7 to 1044 

Opal 1958 to 2600 

Opium 1336.5 

Orange tree 705.9 

Palladium 11800 

Pear tree 661 

Pearls 2688 

Peat 600 to 1829 

Pewter» 7471 

Phosphorus 1770 



Pine 


540 to 688 


Pitch* 


1150 


Platina 


14626 to 22069 


Plumbago 


1987 to 2267 


Poplar 


860 to 529.4 



Porcelain, China 2884.7 

dp. European 2145 to 2545 

Potash, carbonate 1459.4 

Potassium 972.28 

Proof spirit 916 

Pumice stone 914.5 

QuABTZ 2652 

Quince tree 705 

I^HODIUK 11000 

Bock crystal 2581 to 2888 
Rosin* 1100 

Buby 8581 to 4283.8 

SandO 1454 to 1886 

Sandstone 2142 to 2483.5 
Sapphire 8180 to 4283 

Scythe stone, fine 2609 

Serpentine 2264 to 3000 
Silver 10474 to 10610 

Slate 26718 to 2752t> 

Soda, sulphate 1439.8 

carbonate 1000 to 1500 
Sodium 865.07 

Spar, heavy* 4430 

Spermaceti 943.8 

Steel 7767 to 7840.4 

Stone, common 2000 to 2700 
rotten 1981 

Sugar, white 1606 

Sulphur, native 2033.2 

Sulphunc acid 1841 

Tallow 941.9 

Tar* 1015 

Tellurium, native 5700 to 6100 
Tin 7068 to 8487 



Ingram. 



^ Cavallo. 
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Topax 8581 to 4061.5 


Water, sea 


1026.8 


Tourmaline 8086 to 8862 


well 


1001.7 


Tungsten 4856 to 6066 


Wax, bees* 


964.8 


Turpentine 991 


shoemakers' 


897 


spirits of 870 


Whalebone 


1800 


0LTBAMAniNB 2860 


Willow 


685 


Uranium 7600 


Wine, Burgundy 


991.5 


Yapob of alcohol 2.68468 


Canary 


1088 


do. absolute 1.985 


. Champagne 


997.9 


hjdriodic ether 6.7884 


Malaga 


1022.1 


muriatic ether 2.781 


Malmsey 


1088.2 


sulphuric ether 8.182 


Port 


997 


iodine 10^89 


Tokay 


1068.8 


oil turpentine 6.17 


Wolfram 6705 to 7888 


Bulph. of carbon 8.255 


Wootz, hammered' 


7787 


water .76789 


Yew, Dutch 


788 


Vinegar 1018.6 to 1080 


Spanish 


807 


Walnttt 671 


Znro, common 


6862 


Water, distilled 1000 


pure & compressed 7190,8 


Dead Sea 1240.8 







47. Problems in Speoifio Gbavitt.' 

T. Ih find the magnitude of a body from its weight. 

Find the weight of the body in ounces, and divide by the 
specific gravity. The quotient will be the nuikiber of cubic 
feet in the contents. 

n. To find the weight of a hody from its magnitude. 
Find the number of cubic feet in the body, and multiply 

by the specific gravity. The product will be the number 

of ounces in the weight. 

m. To find the specific gravity of a hody. 

Case I. When the body is heavier than water. 

Weigh the body both in air and in water. Annex three 



*■ Ingram. 
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ciphers to the weight in air^ and divide by the difference of 
the weights. The quotient will be the specific gravity. 

Case IE. When the body is lighter than water. 

Having weighed the light body in air, and a body heavier 
than water both in air and water, fasten them togethec^with 
a slender tie, then weigh the compound in water, and sub- 
tract its weight from the weight of the heavy body in water; 
to the remainder add the weight of the light body in air, 
and by the sum divide one thousand times the weight of the 
light body in air. The quotient will be the specific gravity 
of the light body. 

IV. To find the quantity ofea^h ingredient in a mixture 

of two substances.* 

1. Multiply the specific gravity of the mass by the dif- 
ference between the specific gravities of the two ingredients, 
for a first product. 

2. Multiply the specific gravity of that ingredient whose 
quantity is desired, by the difference between the specific 
gravity of the mass^ and t^at of the other ingredient, for. a 
second product. 

8. Multiply the whole weight of the mass by the second 
product, and divide by the first product. The quotient will 
be the weight of the ingredient sought. 

48* Examples for the Pupil. 

1. How many cubic inches in 1 lb. of white sugar ? 

^»w. ^f^ c. ft. =17.215 c. in. 

2. A keg is found to contain 13790 cubic inches. What 
weight of butter will it hold ? Ans. 470 lb. 

3. A piece of Quincy granite weighs 25 lb. 12}oz. in air, 
and 161b. l}oz. in water. "What is its specific gravity? 

Ans. 2661. 

* The student will observe that this is a case in Alligation. 
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4. A jneoe of copper weighs 181b. in air and 161b. io 

water. A piece df elm; which weighs 15 lb. in air, is £as« 
tened to the copper, and the compound weighs 6 lb. in water. 
What is the specific gravi|)y of the elm ? Ans. 600. 

6. What quantity of gold, sp. gr. 19258, and of silver, 
sp. gr. 10474, must be mixed to form a mass weighing Icwt. 
8qr. 4 lb., and having a specific gravity of 16000 ? 

Ans. 151.44 lb. gold, 48.56 lb. silver. 

6. Wliat are the cubical contents of a pillar of Pennsyl- 
vania marble, sp. gr. 2720, the weight being 63T. 8cwt. 
21 lb. ? Ans, 835 c. ft. 884 c. in. 

7. Each of the pillars of Girard College is 55ft. high, 
and 6ft. in diameter at the base^ What would be the weight 
of a square block of marble from which a column of the 
same size could be cut, the specific gravity being 271Q f 

Ans, 150T. 8qr. 21 lb. 

8. It is proposed to float 500 c. ft. of granite on a pine 
raft 50 ft. long, and 20ft. wide. What must be the depth 
of the raft in order that it may float at least 6 inches above 
the water, the specific gravity of the granite being 2620, 
and the sp. gr. of the pine 600 ?* 

9. A raft of elm is 8ft. 6in. thick. To what depth will 
it sink ? . Ans, 2ft. 4.182in. 

10. What must be the depth of a cedar raft, l6ft. long 
and 10ft. wide, to float 100001b. of bricks, the cedar being 

*■ AH floating bodies sink till they have displaced a quantity of 
fluid equivalent to their own weight. In this example, the granite 
would cause the raft to displace 1310 c. ft. of water, to do which, it 
must sink 1310-t-(50 X 20) = 1.31ft. to which the 6in. = .5ft. should 
kbe added, making 1.81ft. to represent the buoyancy of the pine. As 
f he sp. gr. of the pine is J that of water, it will sink | of its depth, 
leaving | for buoyant force. 1.81ft. must therefore be | of the d«pth 
of the raft, and the depth must be 1.81 -^ | = 4.525ft 
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of the 8p. gr, 550; and the raft floating Sin. out of 
water ? Ans, 2ft. 9 Jin. 

11. What weight will a raft 30ft. long, 16ft. wide, and 
3ft. deep sustain, and float 6 inches above water, the specific 
gravity of the raft being 580 ? Ans. 22800 lb. 

N. B. First find how much above water the raft would float if it 
were not loaded,.and subtract 6 inches to find how much it is sunk 
by the load. The weight of the load will then be equivalent to the 
weight of the quantity of water displaced by it. 

12. How many inches above water will a raft float, if 
loaded with 8500 lb., the raft being 12ft. wide, 20ft. long, 
and 2ft. deep, and of the specific gravity of 625 ? 

Ans, 2.2 inches. 

N. B. First find the entire weight of the raft and load, and see 
what depth of water must be displaced to yield the same weight. 
Subtract the depth of water displaced, from the depth of the raft, 
and the remainder wiU give the part out of water. 

13. What is the weight of a sheet of malleable iron, 3ft. 
6in. wide, 8ft. long, and -j^^in. thick? 

Ans. 69 lb. 10.4oz. 

14. What is the weight of an iron rod, 3in. in diameter, 
and 16}ft. long?' Of a rod lin. in diameter, and lOJft. 
long? Ans, 4cwt. Iqr. 231b. 15.2oz. ; 

Iqr. 61b. 8.1oz. 

15. What is the weight of a sheet of copper, 3ft. wide^ 
6ft. 8in. long, and |in. thick ? Ans. Icwt. 5 lb. 8oz. 

16. The amount of water displaced by a loaded ship, is 
found to be 96000 cubic feet. Eequired the weight of the 
vessel and cargo^ the water being of the specific gravity of 
1020. Ans. 2732T. 2cwt. 3qr. 121b. 

* The weight of iron rods of the same length, is proportioned to th^ 
squares of their diameters. 



^ 
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XI. THE ROAD,* 

40. General Remarks. 

When it is proposed to construct a road^ the engineer 
first makes himself acquainted with the face of the country 
through which the road is to pass, and selects what he con- 
siders as the 1)est general route. An instrumental survey 
is then made of the country along the proposed route, taking 
levels from point to point, throughout the whole distancoi 
to determine the requisite inclinations of the slopes of the 
cuttings and embankments, and making borings in all places 
where excavations are required, to determine the strata 
through wl^ich the cuttings are t9 be made. A plan and 
section are then drawn, exhibiting the results of this inves- 
tigation. 

In selecting the route, regard should be had to the supply 
of materials for constructing the road, and for kee^g it 
in repair. Therefore the position of gravel pits and quarries 
in the neighborhood of the proposed line, should be well 
ascertained. 

The expense of construction should be proportioned to the 
traffic expected on the road. If the amount of travel will 
be great, all steep acclivities should be avoided, either by 
cutting down the hills and filling up the valleys, or by pass- 
ing around the base of the hills. 

It is recommended by some writers to avoid a ddad level, 
as a moderate inclination of the surface fiEtcilitates drainage, 
and tends to keep the road dry. But, if proper attention 
is paid to the form of the road, there will be no difficulty 
in keeping it properly drained, without resorting to any 
expedient that will b^ necessarily attended with a loss of 
power. 

* Brande, Gillenpie, Mahtn. 
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The top should be slightly rounded, being made highest 
in the middle, and graduallj sloping to a trench at each side, 
so that all the water may be carried off. The surface should 
be as hard and smooth as possible, luid, whenever repairs are 
required, broken stone, pebbles, or hard gravel should be 
used, if it is possible to obtain either of them. 

SO* Examples for the PuiraL. 

1. How many acres per mile will be taken up by a road 
that is 2 rods wide ? — by a road 40ft. wide ? — by a road 
60ft. wide? 

2. In 1678, a contract was made to establish a coach 
between Edinburgh and Glasgow, a distance of 44 miles. 
The coach was to be drawn by 6 horses, and the journey 
between the places, to and from, was engaged to be completed 
in 6 days/ At what average rate nlid the coach move, if it 
travelled 9 hours per day? 

3. In the year 1763, there was but one line of stage-coaches 
between Edinburgh and London, whichstarted once a month 
from each place. It then took a fortnight to perform the 
journey, which is now completed in less than 48 hours.' The 
number of persons travelling between the two places did not 
probably exceed 50 per month, but the present intercourse 
is supposed to amount to at least 300 per day. What has 
been the rate of increase, both in the rate of travel and in 
the numbelr of passengers ? 

4. "What will be the cost of a plank road per mile, for a 
single track 8ft;. wide and 3in. thick, with two sills, each 
4in. square, at 94.50 per M .,*• the laying and grading being 
75cts. per rod, and superintendence 975 per mile ? 

"" ■ ■ ■' ■ I ■ "■' ' - ■ ■ I — — I I ■! ■ .I ■■■■■■■ I ■ ■■ ■ 1,1 , 

* Brande. Even so recently as the year 1750, the stage-coach from 
Edinburgh to Glasgow took a day and a half to make the journey. 

* ** Wood is paid for by the cubic foot, tinless some one of its dimen- 
■ioni is as small as 4 inches, when board measure is used."— Gt72e«pte. 
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5. Wishing to know my distance ^m the foot of a steeple 
which is 125ft. high^ 1 hold a foot rule at arm's lengthy 
(which 1 have found to be equivalent to 2ft. 3in. from the 
eye,) and find that If inches on the role intercepts the rays 
from the top and base of the steeple. What is the distance ? * 

Ans. 19284ft. 

6. The mean velocity of sound through the atmosphere is 
about 1090ft. per second.** What is the distance of a hill on 
which a cannon is fired^ if 8} seconds elapse between the 
flash and report ? 

7. If two supports of a rail that are 8ft. apart; vary \ of 
an inch from an exact level; to what elevation per mile would 
the ascent be equivalent ? 

8. Estimating the cost of a railroad at $80000 per mile, 
and the annual repairs and expenses at $2000 per mile, how 
much might be profitably expended to shorten the road 1 
mile, the rate of interest being 6 per cent, f * — ^to shorten it 
2m. Gfur. 23r. ? 2d Ans. $178718.75. 

9. An embankment of 27000 c. ft. is to be made. It is 
estimated that 1 man can loosen 20 c. yd. per day, or load 
in barrows 25 c. yd., or transport 30 c. yd., or spread and 
level 80 c. yd. According to this estimate, what will' be 
the cost of the whole, allowing $1.25 per day for wages, 
and 10 per cent, for shrinkage of the earth, and adding ^ 
of the amount of wages for tools and superintendence, and 



1^ , 



» The length marked on the rule, is to the distance of the rule 
from the eye, as the height of the object is to its distance. Distances 
may also be conveniently measured by pacing, or by noting the time 
that elapses between the flash and report of a gun. 

•» Pierce. 

^ In laying out a road of dRy kind, the preference never should be 
given to the longer of two proposed routes, merely because it can be 
constructed at a less expense. In order to shorten the distance, the 
difference in the cost of making, together with a sum, the interest of 
which would defray the annual repairs and expenses of the road, for 
the distance saved, may be profitably expended. In the remaining exam- 
ples of this section, the rate of interest is understood to be 6 per cent. 
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^ for contractor's profit; the earth costing 10 cents per 
c. yd. ? Am. ^(324.79. 

10. The average power of draft of a hors^, moving 3 miles 
per hour for 10 hours a day, being 100 lb., what will be the 
annual cost of transportation over a road 80 miles long, on 
which the average friction is j^ of the weight, estimating 
the ai >unt transported at 50000 tons, and the value of a 
days' l^oor of a horse at 75 cents ? Ans, 842000. 

11. If the road in the preceding example should be im- 
proved by macadamizing, or otherwise, so that the fHction 
should be reduced to ^^ of the weight, what would be the 
annual cost of the transportation, and how much might be 
profitably expended in making the improvement ? 

2d Ans, 8420000. 

12. The annual cost of transportation over a road 15 miles 
long, being estimated at $35000 per mile, what amount of 
saving can be effected by expending 820Q00 to shorten th6 
road 2 miles, and 81000000 to reduce the friction to i its 
present amount, the annual cost of repairs being the same 
in both cases ? Ans. 83938333i. 

13. K a hill by friction and gravity, causes 5000 days' 
work of a horse, at 75 cents per day, which can be avoided 
by a road along the base of the hill, that will require only 
2300 days' work, and if the new road will require an extra 
annual outlay of 8375 for repairs, how much can be saved 
by expending 810000 in making the improvement ? 

Am, 817500. 

14. It is calculated that, in locomotives, the evaporation of 
1 cubic foot of water per hour, produces a mechanical force 
of about two horse power, and that a horse on a railway can 
pull 10 tons with ease.* According to this estimate, what 
load can be drawn by a locomotive which evaporates 175 c. 
ft per hour ? 

* Chambers. 
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15. If an engine has sufficient force to draw 92T. 19cwt. 
Iqr. over level ground^ what additional power must be exerted 
on an ascending grade of 37ft. per mile?* 

Ans. IScwt. d|$}lb. 

16. Determine the amount of excavation and embankment 
in the following example, by taking the average of the end 
areas of each section as thd true area of the section/ and 
find the cost of the whole at lOots. per cubic yard. 



station. 




EndAiwi. 


EzamttxHi. 
Cubic fMt 


riiwtxiik'i— lit. 
Cubic ieet. 


1 

2 
8 
4 
6 
6 
7 


661ft. 
868" 
826 " 
820" 
826 " ■ 
880" 



1886 sq. ft excay. 
1600 " " " 

it it a 

1672 " " emb. 
628 " " " 


888V78 

• • • • 





• • • • 







686620 

* . . • 

•' • •• • 


2829767 

— i -J. ! 


1680140 



Cost, W4851.61. 



» On all inclined planes, the power ia to the weight, as the length of 
the plane is to the height. 

I* This method, which is the otie usually employed, gives a result 
greater than the true contents. Sometimes the calculation is performed 
by deducing the middle area of each section from the arithmetical meaif 
of the heights at the two extremities, but the result thus obtained is 
too small. The true contents may be found by the 

Prismoidal Formula. 

Find the area 9f each end of the mass, and also the middle area, 
corresponding to the arithmetical mean of the heights of the two ends. 
Add together the area of each end, and four times the middle area. 
Multiply the sum by the length, and divide the product by six. The 
quotient will be the true cubic contents required. 

The reduction of the contents to cubic yards would be greatly 
facilitated if the distances of ^e stations were always some multiple 



of 54 feet. — Gille»pie» 

12 
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XII. THE ENGINEER. 

Stm Thx Steam Engine. 

A POUND of Steam at 212^ will raise the temperature of 
a pound of water 970''/ But as some of the heat is wasted^ 
^e increased temperature may be considered, in practice, as 
equivalent to 900^. From this fact the following rule is 
deriyed :-^ 

^' To find the quantity of steam required to raise a given 
quantity of water to any required temperature. — Multiply 
t^e number of gallons to be warmed by the number of 
degrees between the temperature of the cold water and that 
• to which it is to be raised, for a dividend ; and to the excess 
of the temperature of the steam above 212^ add 900 for a 
divisor. The quotient will be the number of gallons formed 
into steam, required.''** 

A " horse power''- was estimated by Bbulton and Watt as 
sufficient to raise 320001b. avoirdupois 1 foot high in 1 
minute, but in estimating the force of their engines, they 
used 44000 as a divisor instead of 32000. Desaguliers's 
estimate was 27500 ; Smeaton's, 22916 ; some of the modem 
English engines are computed at 66000,"" but the number 
commonly used is 33000,** or 44000 when an allowance of 
i is made for friction. 

To codcvlate the power of an engine. Form the continued 
product of the number of square inches in the area of the 
cylinder, the number of pounds which represents the effective 
pressure* per square inch, ^.nd the number of feet through 
which the piston moves per minut^nd divide by the number 
of pounds a horse can raise 1 foo^)er minute. 

» Daniell. •> Pilkington. « Sci. American. 

^ It is customary to consider the friction of the machinery as equiva- 
icnt to i of the effect produced. 

* The efi^ctive pressure is the force remaining after making allow- 
•nce for the waste and friction of the steam. 
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The following rale is rampler, and in most cases it will be 
found sufficiently accurate. When the usual estimate of a 
horde power is employed, and the effective force is 8.4 lb. per 
square inch, and the distant traversed by the piston 200ft. 
per minute, the same result will be obtained by either rule. 

Square the number of inches in the diameter of the 
cylinder, and multiply by .04. The product will give the 
number of horse power. 

> EXAMPLES. 

1. What quantity of water converted into steam at 220® 
will raise 100 gallons of water at 50° to the boiling point? 

Ans. 17^14 g<^ons. 

2. What is the power of a steam engine with a cylinder 
87 inches in diameter, making the usual estimate of the 
effective force of the steam and the stroke of t^e piston ? 

Arts. 54.76 horse power. 

3. Find by each rule, the power of a steam engine that 
makes 10 strokes per minute, each stroke being 8f(;., allowing 
for Motion, i of the force, which is 15 lb. per sq. in., the 
diameter of the cylinder being 40 inches ? * 

Ans, by Rule 1, 60.928 horse power. 
u a 2, 64 " " 

4. Two steam engines constructed for the island of Ceylon^ 
working 10 hours per day for 800 days in the year, will 
convert 5760001b. of paddy** into rice worth £116035, 
while by the common method, the same quantity of paddy 
converted into rice, would yield only £64799.* Allowing 
£20000 per annum, for interest, repairs, and the extra 
expense of working the ^chinery, what is the average daily 
amount saved by each engine ? Atu, 104Z. 2«. 4.8(Z. 

* As the piston must move forward and back at each stroke, the dis« 
tance passed through per minute is 160ft. 
^ Rice in the husks. « I^artington. 
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5. An engine at the Wheal Hope mine; in Gomwally works 
3 pumps^ the length of stroke of each being 8fb. ; their 
pistons support and Hft at each stroke, oolomns of water, 
whose joint weights are 27766 lb., and jn the month of 
December, 1826, they made 261890 strokes/ Required 
the velocity per minute, and 4he total dynamical effect.'' 

Ans. Velocity 46.93ft. ; effect 1303058.38 lb. 

6. The working effect of 1 bushel of coals, or the number 
of pounds which could be raised Ift. high by 1 bushel is 
called the Dut^ of the engine. Bequired the duty of the 
engine in the preceding example, the amount of coal con- 
sumed being 1242 bushels. Ans. 46838246. 

7-10. A cubic foot of water makes 1689 c. ft. of steam, 
at the temperature of 212^.*" Estimating the pressure of the 
atmosphere at 2120 lb.* on a square foot, what will be the 
dynamical effect of 1 lb. of each of the following kinds of 
fuel?^ 



FoeL 



Anthracite coal 
Va. bitominoas coal 
Pa. " " 

Dry pine wood 



Spec giftvity. 



1^0 

1364 

1262 

836 



Weight to ev^Mnte 
1 c ft. of water. 



6.6341b. 
7.82 
9.87 
16.4 « 






Dvaemical cfltet 
of 1 lb. of Ami. 



648007 lb. Ift 

lb. 

lb. 
232512 lb. 



« 



(( 



8ft. The Water-Wheel. 

The pressure of water on any surface is equal to the 
weight of a column of water with the same base as the 
surface pressed, and of a height equivalent to the depth of 
the centre of gravity. If the surface is of any regular 
shape, the centre of gravity corresponds with the centre of 
the surface. 

The actual velocity of water sowing from an orifice, or 

• Moseley. 

^ The dynamical eflbct ia found by multiplying the Telocity by the 
weight. 

• Daniell. « W. R. Johiumn. 
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falling, will generally be .6 or .7 of the theoretic velocity.' 
To obtain the theoretic velocity per second, find the number 
of feet in the perpendicular fall of the water,, (or in the 
depth below the surfsuie to the middle of the orifice^) extract 
the square root^ and multiply by 8.018. 

The effective force of a water-wheel^ may be estimated at 
i of the power applied to it, if the wheel is overshot, and 
at i of the power if the wheel is undershot.'' To determine 
the. power of a stream of water, measure the breadth and, 
depth of the stream, the height of fall, and the velocity per 
minute, all in feet; form the continued product of these 
four numbers, and divide by 792.* For undershot wheels 
take i this result. 

To calculate the power of machinery or wheelwork, 
multiply together the effective power, and the lengths of all 
the driving levers, (or the radii, circumferences, cogs or 
rounds of the driving wheels,) and divide by the continued 
product of the lengths of all the leading levers, (or the radii, 
&c., of the leading wheels.) For the .velocity, multiply the 
velocity of the power by the lengths, radii, circumferences, 
cogs or rounds' of the leading levers or wheels, and divide 
by the product of the like dimensions of all the driving 
levers or wheels. 

The maximum effect will be produced in machinery of 
any kind, when the load, or resistance, is | of the power, and 
when the velocity of the machinery at the point of action, 
is i of the greatest velocity of the power.*" 

EXAMPIiES. 

1. What is the amount of pressure on a dam 75ft. by 
12ft.^ the depth of wat«r being 8ft. ?' 

Am. 225000 lb. 

» Nicholson. •* Pilkington. 

« 2 RBJI^ ,, , _ P.B.H.V. 
3^ 33000 X t)^.D — ^^2 • 

^ Brande. ^ The depth of the centre of gravity is 4ft. 
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2. What is the theoretical veloeity of water flowing 
through an orifice^ the centre of which is 6ft. Sin. below 
the surface ? Ans, 20.045fb. per second. 

8. Find the bottom pressure^ and the entire pressure upon 
the bottom and sides of a cube, each side of which measures 
8 feet. Ans. Bottom pressure, 820001b. 

Entire " 960001b. 

4. If the area of an orifice is 2i sq. ft., and the yelooitj 
of the water flowing through it is 15ft. per second, what will 
be the weight of the water discharged in 1 minute? 

Ans, 1312501b. 

5. A stream 12in. deep, and 22in. broad, moves with a 
velocity of 88ft. in 15^^. Required its eflfective force, with 
a fall of 50ft. Ana. 40|!} horse power. 

6. How many cuts are made per minute by the beater of 
a paper mill, which has 60 teeth, each of which passes by 
24 cutters at every revolution, when there are 150 revolutions 
per minute ? Ans. 216000 cuts.' 

7. What force will be exerted at the distance of 2 feet 
from the centre of a millstone, by a water-wheel with a 
power of 1000 lb., the diameters of the driving wheels 
being 8fb., 2fb., and Ift., and the diameters of the leading 
wheels being 4ft. and 8ft. ? Ans, 666} lb. 

8. If the power m the preceding example moved with a 
velocity of 12ft. per second, what would be the velocity of 
the millstone ? Ans, 18ft. 

9. What should be the area of the section of a canal, to 
deliver 90000 c. ft. per hour, the water moving with a 
velocity of 4ft. per second ? Ans, 6i sq. ft. 

10. Using 10 c. ft. per second, wlat time would be neces- 
sary to^ exhaust a pond, the area of which is 10 acres, and 

* This rapid motion makes a coarse musical note, that can be heard 
at a great (fistance from the mill. — Ure, 
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the average depth 8 feet, the pond being supplied bj a 
Btaream that famishes 150 o. ft. per minute f 

Aru. 48h. 24min. 

ffS. Pumps.* 

The power employed in working a punip is estimated by 
multiplying tbie, ntunber of pounds discharged per minute, 
by the number of feet that the water is raised aboye the 
reservoir. 

The weight of water in a yard of pipe may be found very 
nearly by s^(|iaring the number of inches in the diameter of 
the pipe, and increasing the square by -^ of itself.^ The 
result will be the weight in pounds avoirdupois. 

The number of ale gallons in a yard of pipe may be found 
very nearly by squaring the number of inches in the diameter, 
and dividiiig by 10. 

In estimating the power necessary to overcome resistance 
in pumps, J should be added for the friction of the water. 

The diameter of the pipes should be at least as great as 
the diameter of the pump. If it is greater, the friction, will 
be diminished. 

EXAMPLES. 

1. At the height of 225 ft. above the level of a reservcnr, 
250 ale gallons are discharged per minute. Required the 
power of the engine, the weight of one ale gallon of water 
being lOilb.* Ans, 18.1 horse power. 

2. Find the weight of water, and the number of ale gal- 
lons, in a pipe 15 rods long, and 8 inches in diameter. 

Atis, 7591 lb. ; 74i gallons. 

8. On the top of a hill 75 feet high, is a reservoir 40 feet 

* Nicholson, Pilkington, Ferguson. 
' •78S4X3X62.5 ^ 45 ^^^^ ^^^^^ 
144 44 

« In all the examples of this sectidn, an allowance of i is made for 
the friction of the machinery. See Sect. 51. 
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^qvare^ and 12ft. deep. What power is necesaaij to fill 
the ciBtem in 45 minutes ? 

. 40x40x12x62.5x75 6 ^^ i.^«^ ^„^. 
^^ 45x44000 ^ 5='^^ ^""^ ^''''' 

4. What power is necessarj to fill a eistem 30ft. long, 
22ft. wide^ and 10ft. deep^ in 25 minnteS; the water being 
taised 100ft. ? Ans. 45 horse power. 

5. What should be the diameter of the pnmp in each of 
the two preceding examples^ if there are 40 strokes per 
minute; the length of the effective* stroke being 2ft. ? 

An$. Ex. 8: 15ii^^illE = 426| c. ffc. per minute; 

45 

4261 -r (2 X 40) = 5i sq. ft. area of pump; 

V5i-r .7854 = 2.6ft. diameter of the pump. 

Ex. 4 : Diameter 2.05ft. 

6. A town of 25000 inhabitants^ is to be supplied with, 
water from a river 200 feet below the proposed reservoir. 
Estimating the average daily consumption at 9 ale gallons 
for each individual^ what must be the power of an engine 
working 10 hours per day^ and what will be the size of the 
pump, making 80 strokes per minute^ the effective stroke 
being 8ft. ? An$, Engine 17.47 horse power. 

Area of pump 98 sq. in. nearly. 
Diam. of pump 11.17in. 



-••— 



Xm. THE LABORATORY. 

S4L. Ghemioal Combinations.^ 

In chemical compounds^ the following curious facts have 
been observed. 

* An allowance is made from the stroke of the piston rod for the 
escape of water through the valves. Pilkington states this allowance 
at 8 inches. 

* Draper. 
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1. The constitatioii of a oompoand body is always the 
same. Thus it has been found that 9 grains of water con- 
tain 8 grains of oxygen and 1 grain of hydh)gen; and 
however often the analysis is repeated; this proportion is 
found to be invariable. 

2. The proportions in which bodies are disposed to unite 
with each other, can always be represented by certain num- 
bers. Thus water is composed of one atom of oxiygen and 
one atom of hydrogen, and as the oxygen atom is 8 times 
as heavy as that of hydrogen, it follows that in 9 parts by 
weight, of water, there are 8 parts of oxygen and 1 of 
hydrogen. 

8. If two substances unite with each other in more pro- 
portions than one, those proportions bear a simple arithmeti- 
cal relation to each other; thus 14 grains of nitrogen will 
successively unite with 8, 16, 24, 32, 40 grains of oxygen, 
forming five different compounds, which contain respectively 
1 atom, 2 atoms, 3 atoms, 4 ato^ls, 5 atoms of oxygen, and 
1 atom of nitrogen. 

There are three ways in which the composition of a sub- 
stance may be expressed : 1, by atom ; 2, by weight ; 3, by 
volume. Thus water is composed, by atom, of oxygen 1, 
and hydrogen 1 ; by weight, of hydrogen 1, and oxygen 8 ; 
and by volume, of hydrogen 2, and oxygen 1. 

Elementary bodies are represented in chemistry by letters 
or symbols, A list of the elements and symbols is given 
in the next section. 

A symbolic letter standing alone, represents one atom of 
the element. Thus C denotes one atom of carbon ; 0, one 
atom of oxygen. 

To denote more than one atom, we may either repeat the 
symbol, or a figure may be placed either before or after the 
symbol : thus 000, 80) or Os would each represent 3 
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atoms of oxygen. The latter method is usually adopted. 
Nitric aoid; which is composed, ef 1 atom of nitrogen and 
5 of oxygen^ is denoted by NOs. 

To denote a compound formed of several compounds; we 
employ one or more commas^ thus : SOs^HO; which is the 
formula of strong oil of vitriol. 

The termS; camhining proportion and chemical equivalent^ 
have the same meaning as atomic weight 

SS. Table op Chemical Equivalents.' 



Names and Bymboli of 


Hydro- 


Names and Symbols of 


Hydro- 


Elements. 


gen =r 1. 


Elements. 




gen =1. 


Aluminum 


. . Al 


18.72 


Manganese 


Mn 


27.72 


Antimony 


. . Sb" 


129.24 


Mercury . . 


Hgh 


101.48 


Arsenic . 


. . As 


75.34 


Molybd-enum . 


Mo ^ 


47.96 


Barium . 


. . Ba 


68.66 


Nickel . . , 


Nk 


29.62 


Bismuth. < 


. . Bi 


71.07 


Nitrogen • . 


N 


14.19 


Boron 


. . B 


10.91 


Osmium . . 


Os 


99.72 


Bromine . 


. . Br 


78.89 


Oxygen . . ., 





8.01 


Cadmium 


. . Cd 


56.88 


Palladium . .' 


Pd 


53.86 


Calcium . 


. . Ca 


20.52 


Phosphorus • 


ft 


31.44 


Carbon . 


. . C 


6.04 


Platinum . . 


98.84 


Cerium . 


. . Ce 


46.05 


Potassium . ; 


Ki 


ft9.26 


Chlorine . • 


. . CI 


85.47 


Rhodium . . 


B 


52.2 


Chromium • 


. . Cr 


28.19 


Selenium . . 


Se 


a9^8 


Cobalt . . 


► . Co 


29.67 


Silicon • . • 


Si 


22.22 


Columbinm « 


. . Ta« 


184.9 


Silver • . . 


Ag* 


108.31 


Copper . , 


, . Cud 


31.71 


Sodium . . . 


Na' 


28.31 


Didjmium . 


. D 


? 


Strontium • • 


Sr 


48.85 


Erbium . . 


. E 


? 


Sulphur • . 


S 


16.12 


Fluorine . , 


. . Fl 


18.74 


Tellurium . . 


Te . 


64.25 


Glucinum . 


. . G 


26.54 


Terbium • . 


Tr 


? 


Gold . . , 


, . Au« 


199.2 


Thorium . . 


Th 


59.88 


Hydrogen . 


. H 


1* 


Tin . * . • 


Sn" 


58.92 


Iodine . . 
Indium . , 


. . I 


126.67 


Titanium . • 


Ti 


24.83 


. . Ir 


98.84 


Tungsten . . 


W* 


94.8 


Iron • . . 


. . Fe' 


27.18 


Vanadium • • 


V 


68.66 


Lantanum . 


• La 


? 


Uranium . • 


u 


217.2 


Lead . . . 


► . PM 


103.78 


Yttrium • • • 


Y 


82.25 


Lithium . . 


. . Li 


6.44 


Zinc . . ;. • 


Zn 


82.81 


Magnesium . 


. . Ma 


12.89 


Zirconium . . 


Z 


83.67 

■ 



■ Compiled from Farnell and Draper. ^ Stibium. « Tantalum. 
^ Cuprum. • Aurum. ' Ferrum. f Plumbum. 

^ Hydrargyrum. » Kalium. ^ Argentum. * Natrium. 

» Stannum- • Tungsten or Wolfram. 
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K compounds are united by a feeble affinity, the sign 't- 
is sometimes used. Thus the composition of sulphuric acid- 
may be indicated by SO,, or by 808+ 0, the latter formula 
showing that one of the atoms of oxygen is held by a feebler 
affinity than the other two. 

1-58. Find the value of each of the foregoing equivalents, 
assuming oxygen=100. Am, Al 171.28. 

Sb 1613.48, &e. &c. 

SB. Examples for the Pupil. 

1-^. Find the atomic weights' of each of the fbllowing 
Acids:'' Acetic, C4H3O3; Arsenic, AsOj; Arsenious, AsOjj 
Benzoic, CuHjOg; Boracic, BO^; Bromic, BrOs; Carbonic, 
CO2; Chloric, CIO5; Chromic, CrO,; Citric, C4H8O4; For- 
mic, CjHO,; Gallic, C7HO3; Hydriodic, HI; Hydrbbromic, 
HBr; Hydrochloric, HCl; Hydrocyanic, H4-C2N; Hydro- 
fluoric, HFl ; Hydrosulphuric, HS ; Hypermanganic, MnjOjf 
Hyposulphurous, S2O2; Hyposulphuric^ SgOsj Iodic, IO5; 
Lactic, C^HgOs; Malic, C8H4O8; Manganic, MnOjj Nitric, 
NO5; Oxalic, C2O3; Phosphoric, PO5; SiHcic, SiOg; Sul- 
phuric, SO3; Sulphurous, SO2; Tannic, CijHjOj; Tartaric, 
CgH^Oio. 

34-58. Find the atomic weights of each of the following 
Bases: Alumina, AI2O3; Ammonia, NH^; Oxide of Anti- 
mony, SbOg ', Barjrtes, BaO ; Oxide of Chromium, Cr203 ; 
Oxide of Cobalt, CoO; Protoxide of Copper, CuO; Sub- 

1 : : . , . ^ 

* The equivalent of a compound body is always equal to the sum of 
the equivalents of its constituents. — ParnelL 

^ " Compound bodies may, for the most part, be divided into three 
groups ; acids, bases, and salts. By an acid, we mean a body having 
a sour tafite, reddening vegetable blue colors, and neutralizing alkalies ; 
by a base, a body which restores to blue the color reddened by an acid, 
and possessing the quality of neutralizing the properties of an acid ; by 
a salt, the body arising from the union of an acid and a base. These 
definitions, however, arc to be received with considerable limitation.*' 
— Draper, 
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oxide of Copper, CujO ; Peroxide of Iron, YeJO^ ; Protoxide 
of Iron, FeO ; Protoxide of Lead, PbO ; Lime, CaO ; Mag- 
nesia, MaO; Protoxide of Manganese, MnO; Qxide of 
Mercury, HgO; Suboxide of Mercury, HggO; Oxide of 
Nickel, NiO ; Oxide of Platinum, PtO ; Potash, KO ; 0^- 
ide of Silver, AgO ; Soda, NaO ; Strontian, SrO ; Protoxide 
of Tin, SnO; Peroxide of Tin, SnOj; Oxide of Zinc, ZnO. 

59. Hydrochloric acid consists of equal volumes of chlo- 
rine and hydrogen, united without condensation. Required 
its specific gravity, the specific gravity of hydrogen being 
.069, and that of chlorine 2.47.» Ans. 1.2695. 

60. K one volume of carbonic acid gas contains 1 volume 
of oxygen and 1 volume of carbon viapor, what is the spe- 
cific gravity of carbon vapor, the specific gravity of carbonic 
acid being 1.5238, and that of oxygen being 1.1025? 

Arts. .4213. 

61. The vapor of alcohol is composed of 8 volumes of 
carbon, 12 volumes of hydrogen, and 2 volumes of oxygen, 
the whole being condensed into 4 volumes of vapor. Re- 
quired its specific gravity j the specific gravity of carbon 
being .4213, that of hydrogen .069, and that of oxygen 
1.1025. Ans. L60085. 

62. According to the experiments of Despretz, loz. of 
carbon evolves, during its combustion, as much heat as would 
raise the temperature of loz. of water 14067**. How many 
pounds of water could be raised from the freezing point to 
the mean temperature of the human body, (98.3°,) by the 
13.9oz. of carbon, which are daily converted into carbonic 
acid in the body of an adult ?" Ans. 184.3 lb. 

» In determining the specificgraYityofgaseSi air is generally assumed 
as the standard, &» 1. 
^ Liebig. 
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XIV. GENERAL ANALYSIS. 

97. RsifARKS ON THE SOLUTION OF QUESTIONS. 

In most treatises on arithmetic, after the fundamental 
rules haye been taught, the various applications of those 
rules are arranged under different heads, such as Interest^ 
Discount, Practice, Proportion, Profit and Loss, Fellowship, 
Bankruptcy, &o. This division of the subject is convenient 
for beginners, but the expert arithmetician must, be entirely 
independent of formal rules; he must be able, by analyzing 
any question that is proposed to him, to determine what ope- 
rations are necessary for its solution. Accountants, men of 
business, and nearly all who are required to make frequent 
calculations, perform most of their work by analytical proe- 
' essed, and not by the rules that they learned at school. , 

Mistakes are rarely made in determining the proper mode 
to be pursued when numbers are to be merely added or sub- 
tracted; but when multiplication or division is required, 
care is often necessary to avoid multiplying when we ought 
to divide, or dividing when we ought to multiply. Practice 
and careful attention to the conditions of the question will 
generally remove all difficulty. Much unnecessary labor 
may often be avoided, by stating the operations as we pro- 
ceed, and not peiforming any of the multiplications or 
divisions until the statement is complete^ Thus, if it were 
required to multiply 27 by 19, to divide the product by 2 
times 171, and to multiply the quotient by | of J of | of 
594, the readiest method of arriving at the result, would be 

. ., .. ., 27x19^2x7x4x594 

to express the operations thus, -p^ — =t=t ^ « — n — n — ? — * 
^ ^ ' 2x171 3x8x9x1 ' 

then by cancelling, we readily determine the answer, which 

is 7 X 33 or 231. 

One of the two following methods, will furnish the answer 
to nearly all questions that admit of an analytical solution. 



190 GSNE&AL ANALYSIS. [ARX. XIT. 

1st. In the majority of cases, we should endeavor to find 
from the terms that are given, the value which would cor- 
respond to ONE of each of the terms concerning which an 
answer is required. Having found the answer for one, we 
can easily determine it for the bequireb number in each of 
the terms of demand. 

2d. We are sometimes required to reason from a result to 
its origin. In such cases it is generally best to reverse aU 
the operations by which the resvit was obtained. Examples 
illustrating both of these methods, will be found in the 
two following sections. 

Whenever fractions or decimals are involved in the condi- 
tions of a question, the same operations must be performed 
on them, that would be required if their place were occupied 
by whole numbers. Therefore, if we are ever at a loss 
whether to multiply or divide by a fraction, all difficulty may 
be removed by substituting a small integral number, and 
considering what would then be required. 

SS. Examples illustrating the First Method. 

The pupil should be required to repeat the analysis of 
all the following examples, and encouraged to give a solution 
of his own, whenever a different one occurs to him. 

1. What is the interest of $635.50 for 3y. 8mo. 24dy. at 
6 per cent. ? 
The interest of one dollar for one year, is $.06. For 87. 8mo. 

24dy. it would be 3} J times as much, or $ — ^---- The interest 

of $635.50 will be 635.50 times as much as the interest for oni 

dollar,, or ^635.50 x 56 X M^_ ^ ^ 

15 

* The object of these examples is merely to show how the general 
principles of analysis can be applied to all classes of questions. All 
the short processes and contractions that the pupil may have learned, 
and can retam in his memory, he may be allowed to employ. 
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2. How much per cent, is gained by selling at OOcts. a 

pounds tea that cost 75 cents ? 

A gain of onb per cent, on a pound, would be $.0075. The 
actual gain was 16 cents, which is (.16-^.0075) times onb per 
cent., or per cent. ? 

3. If $400 at simple interest amounts to $440.50 in 2y. 

3mo., what is the rate per cent. ? 

The interest is $40.50. The interest of okb dollar for onb year 

at ONE per cent., would be $.01^ The interest of $400 for 2}y. 

400 9 01 
at ONB percent, == x - X — ^® number of per cent. « 

• 1 4 1 
40.50 14 1 ^ , 

Give an analytical solution of the above question, by first 
finding the interest for one year. 

4. In what time will $900 amount to $1044 at 6 per 
cent., simple interest ? 

We wish to find in how many years $900 will yield $144 interest, 
at 6 per cent. In one year it would yield $54. The nvmbbb of 
years is therefore 144 -t- 54 = yr. T 

5. If a man's property yields 5} percent, simple interest, 
and his annual incomais $1093.12}, what is he worth ? 

We wish to find how many dollars he is worth. If he was worth 
ONB dollar, his income would be $.05}. He is therefore worth as 
many times onb dollar, as are equiyalent to 1098.12} .4- .05}, 
or$ ? 

. 6. When money yields but 5 per cent, interest, what is 
the present worth of $5316.84 due in lyr. 7mo. 6dy. f 

We wish to find how many dollars will amount to $5316.84 in 
1| yr. at 5 per cent. Onb dollar would amount to $1.08. The 
number of dollars required, is therefore as many times one dollar, 
as are equiyalent to $5816.84 -&- $1.08, or $ ? 

7. What must be the face of a note at 90 days, to be dis- 
counted at Bank, at 6 per cent., to yield $500? 
We wish to find how many dollars would yield $500, and we 
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first find that oni dollar would yield $.9845. The number of 
dollars required is therefore^ as many times onb dollar, as are 
equivalent to 500 ^-. 9845 =# T 

8. K I g&in 25 per cent» on the original cost; by selling 

merchandise for 11718.75; how much did it cost me? 

How many dollars did it cost ? If it had cost one dollar, to gain 
25 per cent, it must have been sold for $1.25. It must therefore 
have cost (171:8.75 .^-1.25) times one dollar, or $ ? 

9^. When exchange on England is at a premium of 8} per 
cent.; what is the value in sterling money, of $112 ? 

We cannot so easily find the value of $1 in English Money, as 
the value of £1 in Federal Money.' If one £ = $1.08 J x -^9^> how 
many £ =» $112 T As many times one pound, as there' are times 

^ » 1 2.17 40 

10. K 36 meu; in 127} days of 13} hours, dig a trench 
33} yd. long; 10}fb. deep, and 15|flk. wide, how many men 
in 7f days of 12y®j hours, will dig a similar trench 82y\yd. 
long, 7§ft. deep, and 10ft. wide? 

First, to find how many men in one day, of one hour, would 
dig ft trench one yd. l<yg, one ft. deep, and one ft. wide, we must 
multiply 86 by 127 J and by 18^, and divide by 83|, 10}, and 15|, 

or V xH^ X V X tU X ij X 7*5- Second, in 7f days it will 
not require so many men as in one day; working 12 ^|- hours a 
day, will not require so many men as working one hour a day, 
&c. ; we must therefore divide our first result by 7% and 12y\, 
and multiply by 82y\, 7^, and 10, which wiU give V X ^F X 
yXT^jXs^xVkX/yXAVxVl^XVxV"^^ 

11. How many square yards in a room 28ft. 4in. wide, 
and 37ft. Gin. long ? 

The answer is ^ be in yards, and therefore the dimensions must 
be reduced to yards. The width is 9|yd., and the length 12}yd. 
If the room was oks yard long and one yard wide, it would con- 

*■ Some attefntion will often be required, to determine which of the 
quantities should be taken to find the value of one. 
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tain one square yard. But the width is 9|yd., instead of lyd. ; 
and the length 1 2^yd. , instead of lyd. We must therefore multiply 
1X^*XV= Bq.yd.? 

12. If a man receives $80 for bmlding 8 rodd of wall, 
and he can purchase 3 barrels of flour for 114^ and 5owt. 
of sugar for 6 barrels of flour, and 1261b. of tea for lOcwt. 
of sugar, how many pounds of tea can he purchase by build- 
ing 24 rods of wall ? 

We cannot find directly how many pounds of tea he can pur- 
chase by ONE rod of wall, but for om rod he will receiye $^* 
For ONA dollar he can buy ^ of a barrel of flour, and for $^ 
he can buy ^ X ^^ ^^ ^ barrel. For om barrel of flour he can 
buy |cwt. of sugar, and for ^ X ^ ^W., he can buy ^ X A X 
|cwt. For ONE cwt. of sugar he can buy \^ lb, of tea, and for 

V X t\ X icwt. he can buy V X A X | X VV l^-» ^^^ich is 
therefore equiyalent to 1 rod of yfollf and 24 rods will purchase 

¥X V^xAxfX W= Ib.of tea? 

13. A.'s stock in f^ partnership is 9450, B.'s 9350, and 
C.'s $500. How must a loss of $169 be divided between 
them ? 

If $1$00 loses $169, how much does one dollar lose? If one 
dollar loses $ ^%, $460 will lose fif ^ X ^^ = $ , $860 wiU 
lose $^fii X T^8%= $ , and $600 wiU lose $^^Xj\% 

=$ ? ■ ^ 

14. Divide 650 into four parts, which shall be to each 
other in the proportion of J, J, |, and y^j. 

If one part has } of a share, another ^ of a share, aliother f 
of a share, and the other jz^ of a share, then the whole will be 
2^ shares. One, share is therefore 660-f.2i. Then i shares 

iX^?^XT^= ,-jBhare=ix^FXT%= , f shares 
3X^FxA= ,andx^jshare = /5X^FXi%=^ ? 

15. A bankrupt owes 615600, and his property is worth 
only 610600. How much can hef pay on a debt of W50 ? 

13 
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On OHB dollar he can pay $TS§8S»s$f §> ftncl on #450 he oan 
pay$^f^x4i = ^ ^ 

16. A. invests a certam sum for a certain time^ 6. twice 
as much for -J of the time^ and C. three times .as much for 
I of the time. How should they share the gain^ which 
was 9559 ? 

Find the yalne for onb snm for onb time, which will be A.'8 
share. 2 sums for | of a time = f sum for onb time = B.'s share. 
8 sums for § of a time = 1-^ sums for onb time = C.'s share. Then 
the whole is equivalent to 1 4- § + ^l^^^lsuma for onb time. 
Onb sum for onb Ume = $559 -&. 2f | =^ $ , A.'8 share ; 2 sums 
for -J of a time, or | of a sum for onb time:=#| X -^f"^ X if = 
$ , B.'s share; 8 sums for § time, or ij sums for onb time =3 
$t X ^f^ X il = $ , C/s share. 

17. A goldsmiUi mixed 3 lb. of gold 22 carats fine^ 5 lb. 

20 carats fine, 8 lb. 24 carats fine, and 4 lb. of alloy. What 

was the fineness of the mixture ? 

We wish to find how many carats there are in onb pound. There 
are 201b. in the whole, containing ctoats, and therefore in 
each pound there are -^ 20 = carats ? 

18. Find the equated time for the payment of 6500 due 

in 3 months, and $700 due in 5 months. 

The question is, in how many months should $1200 be paid, and 
we first find how many dollars could be used for onb month, to be 
equivalent to the two debts. If $5000 could be used one month, 
how many months could $1200 be used ? 

19. A rectangular piece of ground contains 5 acres, and 

the width is 20 rods. Required the length. 

The field contains 800 square rods, and we wish to find how 
many rods long it is. If it were only onb rod long and 20 rods 
wide, it would contain 20 square rods. But as it contains 800 

rods, it must be ^^J^ times one rod long, = rods ? 

20. A stick of hewn timber llin. wide and lOin. thick^ 
contains 40 cubic ft. What is its length ? 
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How many feet long? If it were onb ft. long, ||ft. wide$ and 
gft. thick, it would contain 1 X j^ X §= 4| cnbio ft. But as it 
contains 40 c. ft. it must be (40 -^ 4|) times onb ft. long, a fL T 

21. If A. can do ^ of a piece of work in 5 dayS; B. can 
do i of it in 4 days, and C. can do i of it in 2 days, in how 
many days can they do the whole by working together f 

In. ONB day they can do ^ 4- ^ -^ y^^ of the 1 piece of work. 

Then they can do the 1 piece of work in 1 -^ (^ "H A + A^ "^ 

days? 

S9. Examples illtjstbating the Seoonb Method. 

J. The greater of two numbers is 5} times the less, and 
the sum of the numbers is 52. What are the numbers f 

52 is produced by adding the less number to 5 J times the less, 
and is therefore 6}- times the less. 

2. Divide the number 582 into four such parts that the 

second may be twice the first, the third 21 more than the 

second, and the fourth 54 more than the first. 

682 is produced by adding 21 and 54 to 6 times the first num- 
ber. Therefore if we subtract 75 from 582, the remainder will 
be 6 times the first. 

3. A farmer bought some horses, cows, and calves for 
11250, giving $50 apiece for the horses, $23 apiece for the 
cows, alid $9 apiece for the calves, and there were three 
times as many calves as cows, and half as many horses as 
calves. How many were there of each ? 

If there had been 2 cows, 6 calves, and 8 horses, they would 
have cost $250. But he paid $1^50, then how many times could 
he repeat the pxirchase of 2 cows, 6 calves, and 8 horses ? 

4. If from bi times a certain number 8i be subtracted, 
12 it added to the remainder, and the sum divided by Qi, 
the quotient will be 30. What is the number ? 

(80 X 6^-12} +8J)^5J=: ? 

5. Five-eighths of a certain number exoeed3 i of it by 
21. What is the number 1 
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f — I *=^ 2^. If 21 is 2^ X ^^ number, the number itself is 

6. What number is that from which if we deduct ^ <jf 
itself, and | of the remainder, there will be 18 left ? 

18 is 3 of what is left lifter deducting ^ of the number. Then 
the whole number is ]^ of | of 18 = ? 

7. If 30 per cent, is lost by selling shoes at 87 Jets, per 

pair, at what price should they be sold to gain 10 per cent. ? 

If 30 per cent, is lost, they must be sold at 70 per cent. <^ the 
cost. To gain 10 per cent., they should be sold at 110 per cent, 
of the cost. Y^ of .87}= ? 

8. B. is 2 years older than A., C.'s age is 4 years more 
than the sum of A.'s and B.'s, and D.'s age, which is 48^ 
is equal to the sum of the other three. What is the age 
of each? 

48 is the sum of A.'s, B.'s, and C.'s. B.'s is 2 more than A.'s, 
and C.'s is 6 more than twice A.'s; the three ages are therefore 8 
more than 4 times A.'s age. 

60. Miscellaneous Examples in Analysis. 

1. What is the interest of $1872.88 for 7yr. lOmo. 15dy. 
at 7 per cent. ? Ans, |1032.43. 

2. Bought 18.75yd. of broadcloth, at $4 per yard, and 
sold the whole for $83.50. What did I gain, and how much 
per cent. ? Am. $8.50 = 11 J per cent. 

3. At what rate per cent, will $421.50 amount to $674.40 
in 6yr. 8mo. ? 

4. A note of $431 amounted, at its settlement, to $546.29}. 
How long had it been on interest, the rate being 6 per cent. ? 

Ans. 4y. 5mo. 15dy. 

5. What is the face of a note which, at 7 per cent., will 
yield $111.65 interest in 3y. 8mo. ? Ana, $435. 
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6. What is the present worth of 12000; due in 8y. 6mo.^ 
interest at 7 per cent. ? Ans, 11606.43. 

7. What must be the face of a note at 60 days, to be 
discounted at Bank at 7 per cent., to yield 9375? 

Ans, $879.65. 

8. A commission merchant received 2} per cent, for the 
sale of an invdce of merchandise. What was the amount 
of the invoice, the total amount of the sale and commission 
being $1666.24? Ans, 11625.60. 

9. When exchange on England is at a premium of 9^ per 
cent., what is the value in sterling money, of $137.75 ? 

Ans. 2Sl 7«. 4K 

10. How many days of 8} hours, will 42 men require, to 
build a wall 98fft. long, 7ift. high, and 2ift. thick, if 63 
men can build a wall 45Jft. long, 6y\ft. high, and 3Jft. 
thick, in 68 days of Hi hours ? Ans, 297 days. 

11. Determine from the foflowing table, the degree on 
each thermometer-scale, that corresponds to 0** of Fahren- 
heit. 



Name of Thermometer. 



Where used. 



Freezing point 



Boiling point. 



Fahrenheit's . . . 

Centigrade, or Celsius's 

Reaumur's .... 
Russian, or Delisle's 



Great Britain & 

United States. 

Sweden and 

France. 

Germany, Italy, 

Spain & France. 

Russia. 



+82®* 
— 150« 



+ 212° 

+ 100« 

+ 80° 
0° 



Ans. Centigrade, 17^° below 0. 
Reaumur's, 14f ^ " 0. 
Russian, 176f« " 0. 

12. How many square yards in a room 19ft. Gin. wide, 
and 34ft. 8in. long ? Ans. 75^ sq. yd. 



* The degrees above zero are indicated by Che sijj^n + ; the degrees 
below zero by the sign — . 
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13. K 83 copecks are equal to 5 English pence, 11 Eng- 
lish pence are equal to 3 piasters, 13 piasters are equal 
to 1 florin, ^and 5 florins are equal to 29 francs, how 
maay francs are equal to 11000 copecks ? 

Ans. 202|i| francs. 

14« A. contributed S380 to an adventure, 6. $420, C. 
9500, and D. $700. What was each man's share of the gain, 
which was 9900 ? Ans. A.'s share $171 ; B.'s $189 ; 

C.'s$226; D.'s$315. 

15. Divide 7500 into 5 parts, in the proportions of }, i, 
i, 5, J. ^ns. 2586Jf ; 1724> f ; 1293/, ; 

1034|f J 862^. 

16. An echo on the north side of Shipley Church, in 
Sussex, England, repeats 21 syllables.' If the speaker utters 
3 syllables a second, at what distance from the echo does 
he stand, the velocity of sound being 1090ft. per second? 

Ans. 3815ft. 

17. A man failing in trade owed $75000, to meet which 
he had property valued at $14500. How much can he pay 
A., who is a creditor for $10000, B., who is a creditor for 
$3750, and C, who is a creditor for $12362.50 ? 

Arts. A. $1933 J; B. $725; C. $2390.08. 

18. The amount contributed by the United States in 
1847, for the relief of Ireland and Scotland, has been esti- 
mated at $591313.29.** In what time would 10 men-of-war 
consume the same amount, supposing each vessel to have 
3 officers, 20 midshipmen, and 1000 sailors; estimating the 
wages and rations of each officer at $30, of each midshipman 
at $20, and of each sailor at $16 per month ? 

Ans. 3mo. 17.57 -fdy. 

19. A farmer mixed 18} bushels of wheat, at $1.00 per 

bushel; 16fbu. at $1.12} per bushel; 13|bu. of barley, at 

■ 

• Pierce. •» Am. Almanac, 184a 
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62}ct8. per bushel, and lObu. of oats, at 37}cts. per busheL 
What was the mixture worth per peek ? Ans. $0.21+. 

20. At what temperature does the mercury indicate the 
same degree on Fahrenheit's and on the Centigrade scide ? 
[See Ex. 11.] jlw. — 40**.* 

21. Manson & Hill, of Liverpool, have given to Thomas 
Morton & Co., of New York, a note of £225 10s., payable 
in 60 days; one of £196, payable in 60 days; one of £218 
7s. 6d., payable in 90 days ; and one of £800, payable in 120 
days. At what time may the notes all be equitably cancelled 
by a single payment of £939 17s. 6d. ? Ans, 86 days. 

22. The length of a floor is 37ft;. 6in., and the area is 
931 sq. yd. What is the width ? Ans, 22ft. 6in. 

23. A stick of hewn timber 1ft. 2in. wide and 9in. thick, 
contains 60} solid feet. What is its length ? 

Ans. 69fk. 4in. 

24 i A gndn of musk is said to be capable of perfuming 
for several years, a chamber 12ft. square, without sensible 
diminution of volume or weight.** If the chamber is 8ft. 
high, and constantly contains an average of 1 particle to 
every cubic tenth of an inch, how many particles must there 
be in the grain, supposing it to have lost ji^xf ^^ ^^ weight 
after the air has been changed 5000 times ? 

Ans. 9953280000000000. 

25. A father's age is 6| times his son's age, and the sum 
of their ages is 34yr. 2mo. 12dy. What is the age of 
each? 

26. Divide S5000 into four such parts, that the first may 
be twice the second, the third $50 less than i the second, 
and the fourth $100 more than the sum of the first and third. 

27. At what temperature does the mercury indicate the 

• If 100° gain 80®, how many degrees will gain 32^ f 
^ Moaeley. 



200 GENERAL ANALYSIS. [ART. XIT. 

same degree on Fahrenheit's and on Reaumur's scale? 
[See Ex. 11.] ^nf. -25.6^ 

28. A fiurmer hired a certain number of boys, and "tvrice 
as many men, agreeing to pay each nian 75 cents a day, 
and each boy 25 cents. The daily wages of the whole 
amounted to $5.25. How many were there of each ? 

An$. 3 boys; 6 men. 

29. A man's age is such that if it be mxdtiplied by 3, 
and if f of the product be tripled, § of the result will be 
16. Required his age. Am, 28. 

14 

80. What is that number, I of | of which exceeds —L of 

16* 

81. At what temperature would the mercury indicate the 
same degree on the Centigrade and Russian scales ? On the 
Russian and Q-erman scales ? [See Ex. 11.] 

Am. +300°; + 171f . 

32. What number is that, from which if we deduct | 
of |§ of itself, and | of ^ of the remainder, there will be 
10 J left ? Am. 34. 

33. K 18 per cent, is lost by selling merchandise at 
92050, at what price should it have been sold to gain 10 
per cent. ? — ^to gain 25 per cent. ? — ^to lose 10 per cent. ? 

3d Am. $2250. 

S4. B. is 5 years older than A. ; C.'s age is 5 years more 
than the sum of A.'s and B.'s ; and D.'s age, which is 55, 
is equal to the sum of the other three. What is the age of 
each f Am. A. 10 ; B. 15 ; C. 30. 

35. In examining a piece of charcoal through a microscope. 
Dr. Hook counted 150 pores in ^^ of an inch.' At this 
rate how many pores would there be in one square inch of 
surface? Am. 5760000. 

■ Moseley. 
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86. A. and B. can do || of a piece of work in 1 day ; B. 
and G. can do ^ of it; A. and .0. can do | of it in the 
same time. In what time will they all do it working together f 

By adding y |i |%, and |, and diyiding the sum by 2, we find 
the part that they will all do in 1 day. 

Ans. |1^ of a day. 

37. Three men traded in partnership. A. Contrihuted 
11500, B. $2260, and C. the remainder. The whole gain 
was $2700, of which C. received $1200. How much did 
C. contribute, and what did A. and B. gain ? 

Ans, C. contributed $3000 ; A. gained $600 ; 
B. gained $900. 

38. An estate of $15000 is to be divided among three 
persons ; A. is to receive $5 J as often as B. receives $4}, 
and B. is to receive $8} as often as C. receives $4 J. What 
is the share of each? Ans. A. $6620.69; B. $5586.21; 

C. $2793.10. 

39. A cistern has three pipes ; the first can fill it in i an 
hour, the second can fill it in i of an hour, and the third 
can empty it in an hour. In what time will the cistern be 
filled, if they all run together? ' Ans, 16 minutes. 

40. At what temperature is the mercury as many degrees 
above zero of Fahrenheit, as it is below zero of the Centi- 
grade ?V [SeeEx.il.] Ans. 11^^ 

41. A bathing-tub that holds 147 gallons, is filled by a 
pipe that brings 14 gallons in 9 minutes, and emptied by a 
pipe that discharges 40 gallons in 30 minutes. Both pipes 
having been left open for 3 hours, it is required to find in 
what time the tub will be filled if the discharging pipe is 
closed? Ans. Ih. 8fJ minutes. 

42. What sum of money will amount to $1500, in 6 
years, at 6 per cent, simple interest? Ans. $1200. 

*■ If the Centigrade moves 100^ when the sum of the motions is 280^, 
how much will it move when the sum of the motions is 32^ f 
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43. At what rate per cent., eimple interest, will 9700 
amount to 11300 in 11 years ? Ans, 7j|4 P^^ <^^^* 

44. In what time will 11100 amount to 91750, at 6 per 
cent, simple interest ? Ans. 9|| years. 

45. Supposing the weight of a molecule of light to be 
iJ^nhjiJiV ^^ ^ &^^f "whskt should be the velocity of a ball, 
weighing loz. avoirdupoiS; to have the same momentum.* 

Ans, 2.317+ ft. per second. 

46. A laborer received Sl.50 for every day he worked, 
and lost 50 cents every day he was idle. He worked twice 
as many days as he was idle, and at the end of the time 
he received 942.50. How many days did he work? 

Ans. 34 days. 

47. A floor is laid with boards liin. thick* How many 
feet are required, the room being 18ft. Gin. wide, and 20ft. 
Sin. long? Ans. 477}^ft. 

48. How many clapboards would be required to cover an 
area of 1376 sq. ft., the clapboards being 4ft. long, and laid 
with 4 inches to the weather ? Ans. 1032. 

49. A cellar is to be made 40ft. long, and 25ft. wide. 
How many squares of earth must be removed) the depths 
at six different points being 8ft., 7ft. 6in., 7fk. 3in., 8ft. 4in., 
8ft. 9in., and 5ft. 2in. ? ** Ans. 34|| squares. 

50. At what temperature is the mercury as many degrees 
above zero of Fahrenheit, as it is below zero of Keaumur? 
[See Ex. 11.] Ans. 9f Jo. 

51. What is the weight of a stone wall, the solid con- 
tents being 2760 c ft., and the specific gravity 2500? 

Ans. 4312501b. 

*■ The momentum of a body is determined by multiplying the weight 
by the velocity. The velocity of light is 192000 miles per second. Such 
considerations are supposed to prove that light is without weight. 

^ Assume as the true depth of the cellar, the average of the six 
measured depths. 
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52. Wishing to estimate the contents of an irregular pile 
of wood, I take the dimensions in sereral places, and find thai 
the average length is 34ft. 6in., the average breadth 27ft. 
4in., and the average height 2ft. 3in. K it were piled regu- 
larly, I judge that it would occupy only i of the space that 
it now does. Kequired its estimated contents. 

Ans. 11 cords 6} c. ft. 

58. How many cubic feet in a stack of hay, which is 
esti&iated to be equivalent to a cylinder 12ft. in diameter 
and 15fb. high ? Ans. 1696 c. ft. 

54. What must be the area of a roof that would fill a 
cistern holding 40 hog^eads; with a- fall of i inch of rain^ 
the roof being of a true pitch ? 

The roof being of, a true pitch, the area of the roof will be 1} 
times the area of the building, but the w4ter that falls upon it 
will be the same as if the roof were flat. 

Am. 24255 sq. ft. 

55. A chronometer usually vibrates 4 times in a second. 
How much must the length of each^ vibration be increased^ 
in order that it may lose 1 second per day ? 

56. The area of a cistern is 38} sq. ft How many 
gallons would fill it to the depth of 1ft. ? 

Ans. 288 gallons. 

57. If a package of sugar weighs 6 lb. 2oz. in one scale 
of a balance, and 8 lb. in the other, what is its true weight ? 

Ans. 71b.* 

58. A man performed a journey of 135 miles, going twice 
as far the second day as on the first, and three times as far the 
third day as on the second. How far did he travel each day ? 

^— - I ■ ■■— i IIWII II M Mil ._ ... I 

* Tho true weight of any body may be found by a false balance, by 
weighing the body in each scale, and taking the mean proportional 
between the two weights. It may also be obtained by first balancing 
the body with shot or some other article, and then removing the body 
and placing weights in the scale till the equilibrium is restored. 
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59. A., 6. and C. entered into partnersliip^ contributing 
in the whole, $4833. B. paid twice as much as A., and 
C. paid twice as much as A. and B. How much did each 
contribute ? 

60. In a certain school of 70 scholars, three times as many 
study Arithmetic as study Latin, and twice as many learn 
to read, as studj Arithmetic. How many are there in each 
study? 

61. What degree of temperature would be indicated in 
the same manner on the scales of Fahrenheit and Delisle ? 
[See Ex. 11.] Ans. -1060«». 

62. An estate of $7000 was so divided that the widow 
received $500 more than the daughter, and the son $1100 
more than the widow. What was the share of each ? 

63. Divide the number 97 into^ four such parts that the 
second may be twice the first, the third 7 more than the 
second, and the fourth 18 more than the first. 

64. A thief travels at the rate of 6 miles an hour, and 
after he has been absent 5} hours, a constable starts in pur- 
suit, at the rate of 9 miles an hour. In what time will the 
thief be overtaken ? 

66. A man when he was married, was three times as old 
as his wife, but after they had lived together 15 years, he 
was only twice as old. How old was each at the time of 
marriage ? Ans. 45 years ; 15 years. 

66. At a certain election, the successful candidate had 
163 votes more than his opponent, and the whole number 
of votes polled was 1125. How many did each receive ? 

67. What sum of money will yield $123.50 in 2 years, 
at 5 per cent, simple interest ? 

68. A gentleman distributed $1.95 among 3 beggars, 
giving the second 25 cents more than the first, and the 
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third twice as much as the second. How much did each 
receive? 

69. If from three times a certain number 17 be subtracted, 
the remainder will be 112. What is the number ? 

70. At what temperature is the mercury as many degrees 
below zero of Delisle^ as it is above zero of Reaumur ?— - 
of Celsius ?— of Fahrenheit ? [See Ex. 11.] 

Ans, 622^«; 60<»; 96^^. 

71. A merchant owes two of his creditors $1575, and he 
owes the second but } as much as the first. What is the 
amount of each debt ? 

72. In a certain school ^ *Iie boys learn to read, J learn 
to write, y^ learn Algebra, j^^ learn drawing, and the remain- 
ing 4 study Latin. How many are there in the school ? 

73. One-third of a certain pole is painted green, and J 
of it is painted white, the remainder, which is 8 feet, being 
in the ground. What is the length of the pole ? 

74. A man going to market, was met by another, who 
said : " Good morrow, neighbor, with your hundred geese." 
He replied : '^ I have not a hundred ; but if I had as many 
more, and half as many more, and two geese and a half 
besides, I should have a hundred." How many had he ? 

75. A man bought 38 pounds of coffee and 95 pounds of 
sugar; he gave 2 cents per lb. more for the coflee than for 
the sugar, and the sugar cost twice as much as the coffee. 
What was the price of each per pound ? 

Ans, Sugar 8cts. ; coffee lOcts. 

76. K 4 men can saw 15 cords of oak in the same time 
that 5 men saw 14 cords of hickory, and if 3 men saw 18 
cords of hickory in 3 days, by working 9 hours a day, how 
many hours a day must 7 men work, to saw 84 cords of oak 
in 6 days? Ans, 6^| hours. 

77. There are two such numbers, that if 21 be added to 
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the first, the sum will be 5 times the second, and if 21 be 
added to the second, the sum will be 8 times the first. 
What are the numbers ? 

251 is the difference between i of the first, and 3 times the 
first. . The first, therefore, is 9, and the second 6. 

78. Two Stages are travelling towards each other^ one at 
the rate of 5f miles an hour, the other 6 J miles an hour. In 
what time will thej meet if they are now 38f miles apart? 

Ans, 3||4I tours. 

79. Two men start from the same place and ti:avel in 
opposite directions, one at the rate of 4^ miles an hour, and 
the other 5/^ miles an hour. In what time will they be 100 
miles apart ? Ans, lOJJ hours. 

80. With what velocity must a battering ram, weighing 
2000 lb., be moved, to have the same momentum as a cannon 
ball, weighing 20 lb. and moving 1200ft. per second ? 

Ans, 12ft. per second. 

81. There is a number to which if J, |, J, and | of itself 
be added, the sum will be -| of 85 less than 16. What is 
the number? Am, 3|||^J. 

82. If A. can do } of a piece of work in 6 days, B. can 
do i of it in 4 days, and C. can do i of it in 2 days, in 
what time will they all do J of it by working togetlier? 

Afis, 2 J days. 

83. There are two men of equal ages, but if one wad 5} 
years older, and the other 9i years younger, the former 
would be twice as old as the latter. Eequired their ages. 

Ans, 24yr. 

84. If a man can do y^j of a piece of work in 3 days, und 
a boy can do ^ of it in 5 days, how long will it take them 
both to do the whole ? Ans, 4^*^ days. 

85. A hare starts 5 rods before a greyhound, and runs at 
the rate of 12 miles an hour. After running 48 seconds, 
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the hoibid starts m pursuit, and runs 20 miles an hour. In 
what time will the hare be overtaken ? 

Ans. Im. 19^ see. 

S6, If 300 tiles that are 9in. long and 6in. wide^ will 
pave a court-yard, how many tiles would be required that 
are Gin. long and 4in. wide ? Ans, 675 tiles. 

87. How many men will build a wall 240yd. long, Oft. 
high, and 8ft. thick, in 8 days of 9 hours, if 7 men c^n 
build a wall 40yd. long, 4ft. high, and 2ft. thick, in 82 days 
of 7 hours ? Ans, 294 men. 

88. A wall which is to be built to the height of 27 feet, 
has been raised 9 feet in 6 days, by 12 men working 18 
hours a day. How many men must be employed to finish 
it in 2 days, working only 12 hours a day ? 

Ans, 78 Qien. 

89. Amsterdam exchanges with London, at 34 schillings 
4 pfennings per £, and with Lisbon at 56 pfennings for 
400 reas. What is the arbitrated exchange between Lon- 
don and Lisbon, by way of Amsterdam ? 

Ans, £l = 2e942f 

90. Find the number of vibrations in one second, of each 
of the rays of light, the velocity of light being 192000 miles 
per second,* and the lengths of the waves being, for red light, 
.0000256 of an inch. 

For blue . . .0000196 
" indigo . . .0000185 
" violet . . .0000174^ 
Ans, Ked, 475200000000000 vibrations. 
Violet, 699144827586207 " 
&c. &c. &c. 

91. The force available for mechanical purposes in an adult 
man, is reckoned, in mechanics, equal to I of his own weight, 

_ I J - -■ ~ 

• Herschel. ^ Draper. 



For orange . . .0000240 
" yellow . . .0000227 
" green . . .0000211 
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wliich he can move during 8 hours, with a velocity of 2ift. 
per second/ What is the momentum'* for the day'S'Work 
of a man who weighs 160 lb. ? Ans, 2304000. 



-♦♦- 



XV. THE COUNTING-HOUSE. 

61* Percentage. 

1. The term per cent, is an abbreviation of the Latin jper 
centum, which signifies by the hundred. Any number of 
per cent, of a quantity i» therefore equivalent to as many 
hundredths of that quantity. Thus 7 per cent, is .07; 4} 
per cent, is .04 J or .045 ; 18i per cent, is .18i or .1875. 

2. Per cent, should not be confounded with any of the 
denominations of Federal Money. Thus, 6 per cent, is not 

6 cents, or 6 dollars, but simply y J^. 6 per cent, of 125 
dollars, is yj^j of $125 = $7.50; but 6 per cent, of 125 
apples is 7150, or 7} apples, and 6 per cent, of 125 lb. is 

7 lb. 8oz. 

3. Any fraction may be reduced to per cent., either by 
reducing it to a decimal, and stopping the decimal at hun- 
dredths' place, or by multiplying the fraction by 100. Thus 
^g reduced to a decimal, gives .46f , or 46f per cent. ; the 
same fraction reduced to hundredths by multiplying by 100, 
gives Ys* hundredths, or ^5* P^r cent., or 46f per cent. 

4. To determine the value of any quantity when there is 
a specified gain or loss per cent., we may add or subtract 
the given percentage^from |gj or 1. Thus, if stock is sold 



* Liebig. 

*> The momentum is obtained by multiplying the weight by the 
distance. 
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at 25 per cent. adTanoe, it is sold for \^y or 1*25 times its 
par yahie ; if goods are sold at a loss of 18 per cent.; they 
are sold for y^ of their cost. 

63. Problems in PsBOEKTAaE. 

I. To find the gain or loss jper cent. 

Make the' gain or loss the numerator, and the prime cost 
the denominator of a fraction, and multiply the resulting 
fraction by 100. [See Sect 61, 8.] 

a. To find what percentage mast be gained on the selling price, 
to yield any desired profit per cent, on the cost. 

Divide the desired percentage of gain, by 100 pUu that per- 
centage, and rednoe the qnotient to hundredths. 

b. To find the percentage of profit on the cost of merehandiset 
the percentage gained on the selling price being known. 

Divide the percentage gained on the selling price by 100 minus 
that percentage, and reduce the quotient to hundredths. 

n. To determine the value of a quantity ^ when the 
value of any percentage is known. 

Divide by the percentage expressed decimally. 

Example. — ^If 2500 is 16 per cent, of a certain numberi what 
is that number ? Since .16 o/ a number = .16 timet that number, 
2500 must be .16 times the number sought. The answer, there- 
fore, is 2500 -J- .16 =15626. 

a. To find the amount which should be added to an insurance, 
to recoyer the amount of premium paid. 

Divide the premium by the difference between the rate and 100 
per cent. 

m. To find the result that any quantity ioiU yield in 

percentage. 

Multiply the quantity by the result that one will yield, 
a. To find the interest, or the amount, of any principal for any 
l^yen time. 

Find the interest, or the amount, of onb dollar for the ^ven 
time, and multiply by the number of dollars in the given princi- 
pal. This rule will hold good, both for simple and compound 
interest. 
14 
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To ind tlie iatoefit of $1 for anj giTOi time: To } m manj 
cents as there are months, add i as many mills as there are 
remaining days, and the amount will be the interest at 6 per 
cent. For any other rate, take such part of the interest at 6 per 
cent, as may be requisite. 

ExAMPLB. — ^What is the interest of $287.76 for 3y. 7mo. 28dy., 
at 6 J per cent. ? The interest of $1 at 6 per cent. = J of 48cts. 
^ J of 23 mills, or $.218f . At 6 J per cent it will be 5j tixtht, 
or }J at much, or || x H^'- The interest of #287.76=* 
#287.76 X H X H^* =« ^7.72. 

b. To find the selling prioe, to make any proposed gain or loss 
per cent 

Sf idtiply the prime cost by 1 with the percentage added which 
is to be gained, or the percentage subtracted which is to be lost. 

c. To reduce Sterling to Federal Money. 

Multiply the par value of £1, ($y ,) by 1 + the premium. The 
product will be the exchange value of £1, 
Multiply the exchange value of £1, by the number of pounds. 

IV. To find the quantity that wiU yield any given 

resttU in percentage. 

Divide by the result that one would yield. 

Example. — ^What principal will amoimt to $500, in 2y. 6mo.y 
at 5 per cent. ? (1 would amount to $1,126, and 600 -f> 1.126 =a 
$444f 

a. To reduce Federal to Sterling Money. 
Divide by the exchange value of £1, 

r b. To find the face of a note to be discounted at bank, in order 
to obtain any required sum. 

Divide the sum required, by the amount that would be received 
by discounting $1. The quotient will be the number of dollars 
for which the note should be drawn. 

e. To find the amount that a factor can lay out of a sum intrusted 
to him, and reswve a specified percentage for his commission. 

Divide the sum intrusted to him, by 1 -f- the percentage which 
j!s allowed for his commission. • 

d. To find the prime cost, when the selling price and the gain 
.or loss per cent, are known. 

Divide the selling price by the value of 1 with the proposed gain 
or loss per cent 
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f . To find the selliiig price so as to allow a cUsooiint for oaah, 
and gain anj proposed rate per cent. 

Multiply the prime cost by 1 -|- the proposed gain per oent^y 
and diyide by 1 — the proposed discount per cent. 

/. The gain or loss per cent, at any given price being known, to 
find the gain or loss per cent at any proposed price. 

Multiply the percentage of tiie prime cost which oorreiponds 
to the given price, by the proposed price, uid diricle by the givem 
price. The quotient, (reduced to hundredths,) will be the percent- 
age of the prime cost which corresponds to the proposed price. 
The difference between this percentage and 100 per bent., will be 
the gain or loss per <sent. 

63. Examples in Pebgentaqe. 

A. Examples illustrating { 61. 

1. Find 26 per cent, of $13.60; 7} per cent, of 2cwt. 
3qr. 12 lb. ; 16} per cent, of 262 miles ; 4| per cent, of 
£60 ; 135 per cent, of lOmo. 

2. How many per cent, are equiyi&lent to f ; to | ; |; ||; 

i; h Hi hh zh', %'' 

3. What part of the original value is stock worthy when 
it is 15} per cent, below par ? When it is at a premiiim of 
^ per cent. ? When it is at a discount of 12} per cent.? 

4. How much was received for a farm^ bought for $1350^ 
and sold at an advance of 33i per cent. ? Ana. $1800. 

B. Examples under Problem I. { 62. 

5. How much per cent, was lost on flour^ which was 
lought at $5; and sold at $4.62} per barrel? 

Am. 7} per cetit. 

6. What percentage must a merchant gain on the total 
amount of his sales^ to be equivalent to a gain of 10 per 
cent, on the cost ? Am. 9y^j per cent. 

7. A tradesman finds that his profits on a yearns business 
amount to 16 J per cent, of the sales. What percentage of 
the cost has he gained ? Am. 20 per cent 
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. . C. SxampUs under Problem n. {62. 

8. Tweniy-seyen and a half is 18 per cent, of what num- 
ber? Ans. 152 J. 

9. What sum should be insured to cover the amount 
paid for premium and policy^ if I wish to insure $1800 on 
merchandise, at a premium of | per cent., the charge for 
^e policy being $1? An$, $1814.61. 

D. Examples under Problem IIL { 62. 

10. Find the interest of £27 7s. 6d. for Ij. 7mo. 18d7. 
at 5 per cent. Ans, £2 4s. 8}d« 

11. At what price should I sell broadcloth, which cost 
$3f per jd., in order to gain 11^ per cent, f 

Ans, $3.75. 

12. At 9} per cent, premium, what is the value in U. S. 
currency, of £27 13s. ? Ans. $134.66. 

E. Examples under Problem IV. { 62. y 

13. What principal, at 7 per cent, compound interest, 
would yield an iuterest of 9500 every third year ? 

Am, $2221.80, 

14. At 9 per cent, premium, what will be the value in 
English money, of a Bill of Exchange for 91250.25 ? 

Ans, £258' Is. 7d. 

15. Required the face of a note at 90 days, to yield $500 
when discounted at bank. Ans, $507.87. 

16. A factor receives 6 per cent, commission on the 
amount that he purchases. If I send him $1000, how much 
can he lay out, after reserving enough to pay his own com- 
mission? Ans, $952.38. 

17. If I gain 15 per cent, by selling land at $402.50 per 
acre, what did the land cost per acre ? Ans, $350. 

18. At what price must I sell molasses that cost 25cts. 
per gallon, in order to gain 10 per cent., after discounting 
6 per cent, for cash f Ans. $.28}| per gallon. 



19. If 121 per wat is gtiiied bj aeOing a haiam ton 
93825, what paveentage would be gained or lotti; bj selling 
it for 93230 ? Ant. 5 per cent. lost. 

F. Miscellltiieoas Exankples. 

20. A bill of jcpods is purebased on 6 months credit^ amount- 
ing to $175.75. How B>nch should be paid in cash, at the 
time of purchase, if the hujmc is allowed 6 per eent. for 
his money ?! . Ans. $167.38. 

21. At what rate, dmple intereit, will any principal be 
doubled in 12y. 6mo« ? 

22. In what time will $2700 amount to 18132, at 6 per 
cent, simple interest ? 

23. What sum of money at 6 per cen*. compound interest, 
will amount to $2750, in 3y. 6mo. ? Ans, $2241.70. 

24. If a merchant receiyes his usual profit, by selling a 
quantity of >sugar for £46 5s., how much must he raise to^ 
price, in order to idlow a discount of 7} per cent. ? 

Afu. £Z ISf,. 

64* Pbbchbntaqe on Steblxng Monst. 

In computing interest or discount on English money, 
for any length of time less than a year, it is customary to 
omit the shillings and pence in the principal, when they are 
less than ten shillings ; but if they amount to ten shillings 
or more, they are considered as another poimd. 

If it is desired to compute the percentage exactly , it may 
be done either by redudng the shillings and pence to th^ 
fraction or dedmal of a pound,^ (» by multij^ying 1 per 

* Shillings, pence, and fiuthings may be reduced to the decimal of a 
pound by inapection, aa followa i^-MvUifity Iftc number tf akUlingg by 
5f and eaU the product hundredthi. Reduce the pence and farthingt to 
farthings, increating their number by 1, when it exceeds 12, and by 2, 
when it exceeds 36, and call the result thousandths. The sum -of thess 
two values will be the decimal required. 

To reduce the decimal of a pound to ahiUinga, p^noe aad frnUafii 



m 
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0ent. of eaoh denomination, bj tiie munber of p^ cent, 
required. The latter method is g^erallj the readiest. 

EXAMPLE ZLLUSTBATINQ EACH METHOD. 

Find 3} p^ cent, of £480 10s. 3d. 



Fir$t Method. 

IQg. 8d. = .5125£ 

480.5125 
.035 


Second Method. 

Si 

1 percent. = £4.80 .10 
3i = i 

2)33.60 .70 

16.80 .35 
20 


d. 
.03 

7 


24025625 
14415375 

16.8179375 
20 


.21 
.105 


16.35 
12 




16.3587500 
12 


"• 


4.305 
4 




4.80500 
4 

1.220 
Am. £16 16s. 4}d. 




1.220 
^iis. £16 16s. 4id. 





The legal r^ of interest in England is 5 per cent. For 
computing interest at this rate, the following rules are con- 
venient. In each case, the principal is supposed to be 
expressed in pounds, and parts of a pound. 

1. Multiply the principal by the number of years^ and 
the product will be the interest in shillings, 

2. Multiply the principal by the number of months, and 
the product will be the interest in pence« 

d. Multiply the principal by the number of days, and divide 
the product by 30; the quotient will be the interest in pence. 

For any other rate than 5 per cent., first compute the 

Multiply the number of tenths by 2, and the product will he thUlings. 
From the remainder of the decimal subtract -^^ of Usilf and the figures 
mfttdk sttmA w tik« kmidroiths^ and thousandths^ places wUl be farthings. 
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interest at 5 per cent.; and multiply tke result by .2 X the 
number of per cent. For 3 per cent., multiply by .6 ; for 
4i per eent.^ multiply by .9 ; &c. &c. 

SXAMPLSS. 

1. What is the interest of £487 10s. 8d.^ from March 
4th; to Dec. 17; at 6 p^ cent. ? 

Mercantile Ami £23 Os. 4id. 
Obrr«e^ Am. £22 19s. lid. 

2. What per cent, is gained by selling; at £1 lOs., velvet 
that cost £1 2t^. 6d.; per yard F Ans, 33i per cent. 

3. Hov much, was received for 25 shares of stock, sold 
at a premium of Sf per cent.; the par value being £50- per 
share ? . Ans. £1359 7s. 6d, 

4. What was the interest of six India Bonds, of £ipO 
each, at 3 i per cent., calculating from Sept. 30, 1849; th^ 
Bonds having been sold Jan. 15; 1850 ? 

Ans. £6 2s. 6d. 

5. What amount of 4 pet cent, stocky will yield an income 
of £150 per annum ? Ans. £3750. 

6S« Bahkinq. 

In com|)uting interest at Bank; the time is usually deter- 
mined in days. When the rate is 6 per cent., the interest 
is found by multiplying the principal by as many thousandths 
as are equivalent to the number of days, and dividing the 
product by 6. Thus the Bank interest of $175.50, for 63 
days, is $175.50 X .063 -^ 6 = $1.84. 

For any other rate than 6 per cent., we may first compute 
the interest at 6 per cent., and add or subtract such part as 
may be required. For 4 per cent., subtract J of the interest 
at 6 per cent.; for 4} per cent, subtract i; for 5 per cenK 
i|ubtract i ; iov 7 per cent, add i, and so on. 
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If ft note is giveii; or a Inll drawn for any number of 
monthS; calendar months are always nnderstood. A not<& 
at 4 months^ dated on the 29th^ dOth, or Slst of October, 
would expire on the last day of February, and would be 
legally due on the dd of March. The 8d of March is, there- 
fore, a heavy day at bank, as in leap years th^e are 3 days' 
payments^ and in common years 4 days' payments^ which 
fall due on tiiiat day. If eHher the 3d or 4th of March, in 
any year except leap year, falls upon Sunday, there will be 
5 days' payments falHng due on the Saturday previous. 

There are two modes of estimating the time that elapses 
between different dates. . The first, is by compound sub- 
tracUon, which is the method almost invariably adopted in 
computing interest on notes, payable on demand. The 
second, is by determining the number of entire calendar 
months, and then finding how many days are left. This 
mode is adopted in many counting-houses, and in all banks. 
Thus, from Oct. 27th, 1850, to March 15th, 1853, would 
be, according to the 1st method, 2y. 4mo. 18dj. 
u a a 2d " 2y* 4mo. 16dy. 

From Oct. 31st, 1850, to March 15th, 1853, would be, 
according to the 1st method, 2y. 4mo. 14dy. 
« " " 2d " 2y. 4mo. 15dy. 

Bank discount is the same as Bank interest. If a note 
is discounted at bank, the bank takes off the interest for the 
time the note has to run, and pays the balance Only to the 
holder of the note. 

The number of days which elapse between two given 
dates, may be found as in the following example : 

Required the number of days between March 23d, and 
S^pt. 5th. 

We find by adding the nxunber of days in all the intervening 
time, that Sept. 5th would correspond to March 189th, if the 
days were all regarded as belonging to March. Between March 
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28d, and March 189th, would be 166 days, or March has* 81 days 

28 we^ and 6 days.* ^P^^ 

May 
If ire wish to find on what day of the week June 

any given date will fall, we may proceed in July 

a similar manned. Thus, if March 23d comes 4^?^* n ♦ r 

on Friday, as there are 28 complete weeks, i 

and 6 additional daySlS^^tween March 23jd aVd ^89 

9ft 

Sept 6th, Sept bib. will fall 6 days after ^^ 



80 
81 
80 
81 
81 



Friday, or on Wednesday. 166 dy. 

A note at •SO days, will fall due ik 88 days =c:4wk. 5d. ^ a note 
at 60 days, in 63 days, =9wk. ; a note at 90 days, in 98 days, =3 
18wk. 2d. ; a note at 120 days, in 128 days, = 17wk. 4d. There- 
fore a 80 days* note becomes due 6 week days later than the day 
on which it is given ; a 60 days' note, on the same day of the week 
as the day on which it is given ; , a 90 days' note, 2 week days later ; 
a 120 days' note, 4 week days later. It is sometimes important to 
date a note so that it will not mature dn Sunday, or on a holi- 
day. This can easily be done by one of the methods above given. 

EXAMPLES. 

1. How much would an English merchant receive on a 
note for £600 at 4 months^ discounted at 4 per cent. ? 

Ans. £691 16s. 

2. When will a 3 months' note &11 due, if dated Aug. 81 1 
note at 8 months, dated June 30th ? 



*■ The number of days may also be found by the following table, when 
the time is less than a year : ^ 

Table for AscEBTAiiriNo tbb Numbsb of Days from ant day m 

THE YEAR, TO ANY OTHER DAY. 



Ist Mo., Jan. 


. 


5th Mo., May . 


120 


9th Mo., 


Sept. 


243 


2d Mo., Feb. 


. 31 


6th Mo., June . 


151 


10th Mo., 


Oct. . 


273 


3d Mo., Mar. 


. 59 


7th Mo., July . 


181 


11th Mo., 


Nov. 


304 


4th Mo., ApL 


. 90 


8th Mo.| Aug. . 


212 


ll^th Mo., 


Dec. . 


334 



RULE. 

To the given day of each month, add the tabular number for the month, 
and subtract the less sum from the greater. 

If the two dates are indifferent years, subtract the result thus found 
from 365, 

In leap yedrs, add Itoihe number after the 28«ft of^ February, 
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^ 3. Detennine by each n^ethod, the time that elapsed 
between July 4th, 1776, and June 2d, 1850 ; between Aug. 
18, 1820, and Feb. 29, 1848. 

4. How many days were there between- Jan. 27, and June 
16, 1844 ?— between Feb. 20, and Oct 8, 1849? 

5. New Year's da/, A. D. 1860, fell on Tuesday. On 
what day of the week was Christmas of the same year ? 

6. Required the avails^ of a note at 4 months, for 9275.50, 
dated Feb. 12th, 1850, and discounted at a bank in New 
York, where the legal ra!te of interest is 7 per cent. 

An%, $268.91. 

66. Partial Payments. 

When partial payments are made on mercantile accounts 
which are past due, it is customary to compute interest on 
the whole debt firom the time it became due, and on each 
payment from the time it wa^ made, until the time of settle- 
ment, and to deduct the amount of all the payments, including 
interest, from the amount of the debt and interest. 

The labor of computing interest on each item maybe 
avoided, by multiplying the amount due at first, and the bal- 
ance due after each payment, by the number of days that 
they are severally at interest, adding all the products, and 
dividing the amount by 6000. The quotient will be the 
interest at 6 per cent.** 

Example fok Illustration. 

A debt of $630.25 became due March 15th, on which the fol- 
lowing payments were made: April 3d, $170 ; May 20, $245.80; 
June 17th, $87.50. How mnch was due Sept. 5, when the account 
was settled ? 

I 

*- The amount received for the note after it is discounted. 

^ It may be readily seen that the same result will be obtained whieh- 
eyer method is adopted, but no accountant who is familiar with both 
methods, will hesitate to adopt the latter. 
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March 15, Amount due 
April 8, Ist payment 

Balance . 
May 20, 2d payment 

Balance . 
June 17, 8d payment 

Balance . 



$ t>ays. Prodi^etfl. 

680.2^ X 19 = 11974.76 
170. 



460.26 X 47 = 21681.76 
246.80 - 



214.95 X 28 = 6018.60 
87.50 



. 127.46 X 80=10196.00 

6000) 49821.10 

8.80361' 
Ant. #127.45-1- $8.80 a. ^186.76. 

The whole debt is on interest Arom March 15 to April 8, 19 days. 
The principal is then reduced by a payment, to $460.25, which is 
on interest from April 8 to May 20, 47 days. . In like manner we 
find that the 2d balance is on interest 28 days, and the 8d, 80 days. 
The amount due at settlement, is the unpaid balance of the debt, 
$127.45, together with the interest, $8.80. 

BXAMFLSS. 

1. Sold goods to the value of 9650.39, to be paid Jan. 
27, 1848. Bequired the amount due Aug. 19, the follow- 
ing payments having been made on account : Feb. 23, 9100; 
March 15, 9150.39 ; May 20, 9200 ; July 31, 9125. 

Ans. 986.89. 

2. A Georgia merchant bought goods to the amount of 
9575, and obtained credit till Jan. 31, 1849. But being 
unable to pay the whole, debt at one time, he remitted 9100 
when it became due, and subsequently paid 975 March 3, 
9100 March 27, 9150 April 17, and the balance June 7. 
What was the amount of the last payment, the legal rate 
<^ interest being 8 per cent. ? An$. 9158.51. 

"OT* Legal Interest. 

The rate of ititerest varies in different States of the 
Union. In the examples given in most American works 
on Arithmetic, 6 per cent, is undei::st6od, unless some other 
late is specified.. 



220 THX CM>UNnKa<-H0U8E. [ABT. XT. 

In each of the New England States, in New Jersey, 
Pennsylvania, Delaware, Maryland, Virginia, North Caro- 
lina, Tennessee, Kentucky, Ohio, Indiana, Illinois, Missouri, 
Arkansas, and the District of Columbia, and on tJ. S. notes^ 
the rate b 6 per cent. In New York, South Carolina, 
Michigan, Wisconsin,^ and towa, it is 7 per cent. In 
Georgia, Alabsuna, Mississippi, Texas, and Florida, 8 per 
cent. In Louisiana, 5 per cent., though the bank interest 
is .06, and conventional interest may be as high as .10. In 
Maryland, the interest on tobacco contracts is .08. In Mis- 
sissippi, Missouri, and Arkansas, the interest by agreement 
may be as Jiigh as .10, and in Illinois, Wisconsin, and Iowa, 
as high as .12. 

In the mercantile method of computing interest, com- 
pound interest is sometimes charged. But as the courts do 
not generally allow compound interest, the following rule is 
recommended in computmg interest on notes and bonds : 

If any payment exceeds the interest due at ^ time it is 
made^ deduct it from the Amount,* and compute the sub- 
sequent interest on the balance. If the payment is less tha/n^ 
Oi^ interest^ deduct it from ^ Interest, reserve the excess 
of interest to be added to the succeeding interest^ and con- 
tinue the interest on the former principaiy 

. H i I 

* The amount of principal and interest. 

^ ** In casting interest on notes, bonds, dDC, upon which partial 
payments have been made, every pa3rment is to be first appropriated 
to keep down the interest ; but the interest is never allowed to fiorm 
a part of the principal, so as to carry interest. 27 Mass. R. 417 ; 1 Dall. 
378. ( 

" When a partial payment exceeds the amount of interest due when 
it is made, it is correct to compute the iirterest to the time of the first 
payment, add it to the principal, subtract the payment, cast interest 
on the remainder to the time of the second pajrment, add it to the 
remainder, and subtract the second payment, and in like manner from 
one payment to another, until the time of judgment. 1 Pick. 194 ; 
4 Hen. & Munf. 431 ; 8 Scrg. & Rawle, 458 ; 2 Wash. C. C. R. 167 ; 
see 3 Wash. C. C. R. 350 ; Ibid. 376. 

" When a partial payment is made before the debt is doe^ it cannot 
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BXOIPLI ion iLLURmASIOV. 



$1000.00 



Philadelphia, March 4th, 1841. 



$1000.00, 
44.50 

$1044.50 
76.00 

96^.50 



86.52 
15.60 



For yalae received, I promise to pay John Smith, or order, one 
thousand dollars on demand, -withont defalcation.* 

Whjjax Bkowh. 

December 1st, 1841, received $76.00. Jnly 17th, 1842, re- 
ceived $16.60. August 18th, 1848, received $80.50. December 
11th, 1848, received $500.00. January 8d, 1844, received $150.00. 
What was due on the note, Aug. 18, 1844? 

First principal, on interest from March 4, 1841 
Interest to Dec. 1, 1841 <8mo. 27dy.) . 

Amount 
First payment, exceeding the interest due 

Balance for a new principal . • . . . 
Interest from Dec. 1, 1841, to July 17, 1842 

(7mo.l6dy.) .... 
Second payment, less than interest due 

Excess of interest . • 
Interest from July 17, 1842, to Aug. 18, 1848 
(18mo. Idy.) 

Interest due Aug. 18, 1848 . 
Third payment, less than interest due 

Excess of interest 
Interest from Aug. 18, }848, to Deo. 11, 1848 
(8mo. 28dy.) • . . . 

Amount due Dec. 11, 1848 . . 
Fourth payment, exceeding the interest due 

Balance for a new principal • . « . 541.46 

be apportioned, part to the debt and part to the interest. As if there 
be a bond for one hundred dollars, payable in one year, and at the 
expiration of six months fifty dollars be paid in. This' payment shall 
not be apportioned, part to the principal and part to the interest, but 
at the end of the year interest shall be charged on the whole sum, and 
the obligor shall receive credit for the interest of fifty dollars for six 
months. 1 Dall. 124.** — Bouvier^s Law Ditt.^ vol. 1, p. 717.. 

* The laws of Pennsylvania require the insertion of the words 
* without defalcation.*^ In other places, they are usually omitted. 



21.02 




68.18 




84.20 




80.50 




58.70 




18.26 


71.96 


• 


1041.46 


•/ 


600.00 
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New Principal • * 541.46 

Interest from Deo. 11, 1848, t6 Jan. 8, 1844 (28dj.) 2.07 

Amoiiht due Jan. 8, 1844 . . . . . 648.68 

Fifth payment, exceeding the interest due • . 160.00 

Balance for a new principal .... 893.68 

Interest from Jan» 8, 1844, to Aug. 18, 1844 (7mo. 15dy.) 14.76 

Amount due Aug. 18, 1844 • . . ^ $408.29 

EXAMPLES.* 

1. Worcester, July 4tli, 1840. 

For Talae receiyed, I promise to pay Thomas Jackson, or 
order, six hundred d,nd thirty-nine dollars, on demand.' 

$639.00 



b 

John Winter. 



Endorsements. Sept. 6, 1840, receiyed $18.26. Jan. 1, 1841, 
receiyed $1.60. March 17, 1841, receiyed $72.00. Oct 8, 1841, 
receiyed $29.60. July 8, 1842, receiyed $9.00. What was du^, 
Jan. 1, 1848? Aru, $601.83. 

2. Portland, May 13th, 1841. 
For yalue received, I promise to pay GeOrge Appleton, 

or order, nine hundred. dollars, on demand. 

mOM , William Mason. 

Endorsements. Aug. 28, 1848, receiyed $176.00. Bee. 18, 
1848, receiyed $10.00. April 18, 1844, receiyed $10.00. S^ay 1, 
1844, receiyed $600.00. What was due Sept. 18, 1844? 

Am. $871.11. 

> 

3. ^ New York, Oct. 5th, 1823. 
For yalue receiyed, I promise to pay Brown & Oliver, or 

order, one thousand dollars on demand. 

$1000.00 '^^"^ Tmms. 

Endorsements. March 4, 1824, receiyed $100.00. July 27, 
1826, receiyed. $60.00. Oct. 26, 1826, receiyed $100:00. April 

* For the rate of interest, see p. 220. 

^ In some of the States, a note payahle on demand, does not draw 
interest until demand is nvade. 
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18, 1826, recced $15.00. Not. 18, 1826, receired $10.00. J>te. 
1, 1826, received $500.00. What wftB due on the note. May 16, 
1830? Am. $532.76. 

4. Charleston, Aug. 18th, 1840. . 
. For value received, I promise to pay Nathan J. Wilson, 

or order, four hundred and thirty-one dollars in six months, 
with interest afterward. Edward Ellib. 

$431.00 

Endorsements. Feb. 18, 1841, received $31.00. Sept. 15, 
1841, received $10.00. Nov. 11, 1841, received $5.00. March 
29, 1842, received $100.00. May 18, 1848, received $200.00. 
Dec. 81, 1848, received $2.50. What was doe June 16, 1844? 

Atu. 4l49.30. 

5. Cincinnati, Nov. 1st, 1841. 
For value received, we promise to pay Samuel Jones, or 

order, seven hundred and seventy-five dollar and fifty cents, 
in two months from date. Henbt Thompson & Go. 

$775.60 



Endorsements. Feb. 27, 1842, received $15.00. August 20, 
1842) receiwd $15.00. Dec. 18, 1842, received $15.00. Jan. 1, 
1848, received $15.00. April 1, 1848, received $200.00. Feb. 
19, 1844, received $21.00. What was the balance due Oct. 1, 
1844 ? Am. $608.64. 

68. Equation op Payments. 

The ordinary rule for equation of payments, is founded 
on the supposition, that the interest of the money which is 
not paid until after it is due, is equal to the discount of 
that which is paid before it is due. This is not, strictly 
correct, but it corresponds to the usual method of computing 
discpunt among merchants. 

The labor of equating may be abbreviated by disregarding 
the cents if they are less than 50, and counting them as an 
additional dollar if they are mote thap 50. When the sums 
are all large, the units of dollars may be disregarded in a 
similar manner. 
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To find the equated time fbr tlie payment of several debts . 

Multipty each charge by the time which has elapsed /rom 
the date of the first hiU^ and divide the sum of the products 
hy the sum of the bUh, 

To find the equated time for the settlement of an account^ 
in which there are both debits and credits : — 

Ist. IHnd the equated time for ea>ch side of the account 

2d. Multiply the least side of the account by the time 
between the dates found for each side, and divide the pro- 
duct by the balance of the account. The quotient wiU be 
the time between the date found for the larger side of the 
account, and the equated time for the settlement of the 
balance. 

If the date found for the larger am>ouwt is the earliest, 
count back, but if it is the latestj count forwao'd from thai 
date. 

Example fob Illttst&atiov. 

Required tlie time when the balanoe of the following aoconnt 
beoame dne : 

Dr. Martin Acres in Account with Simon Gray. Cr. 



1849 








1849 








June 14 


To Balanoe 


$875 


30 


July 10 


By Cash 


$600 


00 


Aug. 18 


" Mdse. 


519 


40 


Sept. 16 


** Mdse. 


427 


90 


Sept. 22 


" Bill due 


289 


37 


Not. 18 


" Draft 


850 


00 


Dec. 18 


" Do. 


318 


00 


Deo. 20 


" Cash 


275 


00 



Drs. 

875.80 X = 
519.40 X 65 = 33761. 
289.37 X 100 = 28937. 
318. X 187 = 59466. 



Crs. 

600.00 X 26 = 15600. 
427.90 X 94 = 40222.60 
350. X 167 = 54950. 
275. X 189 = 51975. 



2002.07 122164. 

122164., -5- 2002.07 = 61. 



1652.90 162747.60 

162747.60 -}. 1662.90 =. 98. 
Debits due, 61 ^ays after June 14. Credits due 98 days after June 14. 

1652.90 X 87 ^ 349.17 = 175. The balance was (therefore due 
175 days before the date found for the Dr. side, or 114 days before 
June 14, which was Feb. 20. 
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. The example may be equated as follows, by disregftrding the 
cents and units of dollars. If the dollars amount to 6 or more, 1 
should be added to the number of eagles. 



88 X = 
52 X 65 = 8380 
29 X 100 = 2900 
82 X 187 = 5984 

201 12264 

12264-^-201 = 61. 

1652.90 X 87 -^ 849.17 = 175, as before. 



60 X 26 = 1560 
48 X 94 = 4042 
85 X 157 = 5495 
28 X 189 = 5292 



166 16889 

16889-4-166 = 98. 



Examples fob the Pupil. 
1. When was the balance of the following account due ? 

Dr, JaTnei Day in Account with William Knight, Cr. 



i»48 








1848 








Jan. 6 


To Mdse. 


$427 


20 


Feb. 20 


By Cash 


$75000 


Mar. 10 


" Do. 


816 


19 


Apl. 16 


" Mdse. 


«5 


87 


May 18 


" Do. 


284 


72 


July 8 


" Draft 


100 


00 



Am. Nov. 29, 1847. 

2. Find the equated fime for the settlement of the fol- 
lowing account : 

Dr. North, Harrison dh Co. in Ace. with J". E. Oliver. Or. 



1846 








1846 








Jan. 1 


To Balance 


$288 


94 


Jan. 12 


By Cash 


$426 


00 


May 15 


" Mdse. 


217 


88 


Apl. 8 


'' Mdse. 


693 


13 


July 5 


" Note 


600 


00 


June 29 


(t i< 


87 


59 


Aug. 80 


*♦ Mdse. 


894 


60 











Ans. Dec. 21, 1846. 

The average price of a mixture consisting of several 
ingredients, is found in nearly the same manner as the 
average time for the payment of several dehts. The method 
of finding the average price, is usually called Medial Alli- 
gation. For Examples, see Sect. 74. 
15 
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60« ACOOUNTS CUBRENT. 

An Account Oubbbnt contains a statement of the mer- 
cantile transactions of one person with another. On the 
Dr. side are placed all the payments made, and the amounts 
of merchandise sold, to the merchant who is furnished with 
the account; on the Or. side are entered all sums received, 
and the amounts of merchandise purchased from the said 
merchant. 

To fEicilitate the settlement of interest, it is customary to 
place against each sum the number of days that elapse from 
the time that each entry becomes due, until the time of 
rendering the account, and calculate the interest on each 
item. The balance of interest is entered on the side which 
has the greatest amount of interest. 

Example fob Illustration. 

Abbott J* Clarkf JPhUaddphiaf in Account Current with CharUa 

Ooodhue ^ Co., Bq^Um, 

Dr. 



lau 




Del. Cts. 


No. days. 


Interest. 


June 1 

" 18 

" 25 
July 19 
Sept. 1 


To balanoe due from for- 
mer acot. * 

To amount due on note for 
goods 

To merchandise 

To 90 bbls. flour, at $4.87} 

To balance of interest . 


158.50 

400.00 

275.00 

898.75 

8.28 


92 

80 
68 
44 


2.354 

5.333 
8.116 
2.887 


18 690 






$1225.58 


10.412 




3.278 


1844 


Cr. 


Del. Cti. 


No. days. 


Interest. 


June 16 

" 80 

July 29 

Sept. 1 


By cash 

By bill of Arnold & Brown 
By cash 

By balance to your debit 
on a new account 


875.00 
250.00 
525.00 

75.58 


77 
68 
84 


4.812 
2.625 
2.975 


10.412 






$1225.58 
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1. OKver Marriott^ Savannahy in Account Current 

Darnel Clark, Mobile. 

Dr. 



I t44 

Feb. 16 

« 25 
Apl. 13 
May 16 


To balance due from old 

account, 
To merchandise, 
To merchandise. 
To balance of interest, 


IM. «lk 

91.75 
163.50 
219.25 


H0,9HHp, 


- 


18 44 

Mar, 30 
May 16 


Cr. 

By cash. 

By balance to new aect 


IM. cftt. 

400.00 


llo.«riiyB. 


""^ 



2. Joseph Mason ^ Co,^ Saint Louis, in Account Cur» 
rent unth Thompson ^ Brother, Lexington. 



Dr. 



1144 




Doi. a*. 


Mo.ofdiji. 


blBMt 


Jan. 13 


To sheeting. 


131.50 






Feb. 3 


To duck, 


87.75 






** 25 


To cambric. 


240.00. 






Mar. 29 


To sundries. 


300.00 






Apl. 1 


To balance of interest. 








1 844 


Cr. 


DbL dk 


Na.«fdi7i. 


hiMWk 


Jan. 29 


By furs. 


175.00 






Mar. 3 


By bill, 


200.00 






Mar. 18 


By cash, 


380.75 






Apl. 1 


By balance to new acct 









3. Henry Chatham, Nashville, in Account Current 
vnlh George Hapgood ^ Sons, Baltimore. 





Dr. 








1 844 




Dol. eti. 


Nc-rfdip. 


Intemi 


Apl. 5 


To amount due on note for 
goods, 


500.00 






May 17 


To ditto. 


119.50 






" 28 


To merchandise. 


87.25 






Jnne 16 


To sundries, 


63.00 






July 1 


To balance to new acct 








1 844 


Cr. 


Dol. els. 


No. of days. 


btWHi 


Apl. 9 


By cash, 


350.00 






" 11 


By tobacco, 


289.50 






>* 23 


By bill on Atkins & Jones, 


200.00 






July 1 


By balance of interest. 
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It is more convenient to enter the product of each entry 
by the number of days, as in ordinary Equation of Pay- 
mentS; instead of computing the interest on each amount. 
By dividing the balance of products by 6000, we at once 
obtain the baknce of interest at 6 per cent. For any other 
rate than 6 per^ cent., the result may be increased or 
diminished, as in computing Bank Interest. 

EXABiPLE. 

Wilson, SurviUiera j* Co, in Account Current with Jamet N, Marim, 
Dr. Cr. 



I860 



Jan. 9 

• iO 
« u 

«« 8 



Paid for SOOL remitted 
to BrowD, Shipley k 
Co., at 1.09 ... 

FreifDt on 30 caaea per 
St. Nicholas . . . 

C. H., charge for war*-, 
housing .... 

Paid dufiec, and C. H. 
•tora^ ..... 
<* Marine Insuruice 

1 per oeoL, (laatead of 
twial charpi,) per 
agreement . • . . 

6 per cent. oonuBiaioo 
and guaraatM on 
• 15141.75 .... 

Namben bom credit 
side 



Amount of prodndi, 

3064870 div.^ 00 
Balance dueW. S.kCo. 



4360 

17 

6 

327 
160 

161 

7^7 



600 



15141 



00 

K) 

60 

76 
05 

42 

09 



iju 



142 
131 



114 
112 



619120 

2227 

917 

37392 
17990 



2377294 



30548IO 



18S0 



June 1 



Bj proceeds of sales ren 
dered this day. Value 
due Not. 6, 1850 



By balance 



15141 



76 



dyi. 



157 



As the amount of sales in the preceding account is not 
due, Wilson, Survilliers & Co. should be charged with 
interest until it becomes due ; therefore the product 2377294 
is added to the amount of the Dr. products. In forming 
the products, the cents are disregarded, unless they exceed 
50, in which case the number of dollars is increased by 1. 



EXAMPLES. 



1. A. B. in account with C. D. Debits, 1849, July 3, 
$6000; July 28, $40; Aug. 16, $800; commission and 
charges, 6% on $18000. Credits, 1860, March 2, $9000 } 
May 15, $9000. What was the balance of account rendered 
Jan. 1, 1850. Ans. $10617.89. 
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2. E. F. in acct. with G. H. Debits, ' 1850, Jan. 20, 
»3360; Jan. 31, «26; Feb. 19, $400; June 8, «900; com- 
mission and charges, 7% on $13842.68. Credit, proceeds 
of sales, due Oct. 29, $13842.68. Required the balance 
due July 1. Ans, $7869.86. 

The pupil may solve by this method the examples given 
on page 225. 

70* Pbactioe. 

In Practice many questions arise that can be solved 
more readily than by adopting any of the ordinary rules. 
Many of the operations of business, in which compound 
numbers are concerned, may be abbreviated by first finding 
values for the highest denomination, and considering the 
lower denominations as aliquot parts of the higher.* 



Table op Aliquot Parts. 



Of a dol. 
ctt, $ 
50 =^i 



88j 



1 



26 = :J 
20 =- I 

10 =t' 

q1 1 



'3 

6J 



1 
Iff 



6 -2'u 

A 1 



H 



2 = 



«0 



0/a£, 

8. d, £ 
1 



10 
6 
6 
4 
8 
2 
2 
1 



8= 1 



4 = 
6= i 

= 2^ 

10= 2V 

8=u\j 

4==5^J 



O/athi. 
d, 8. 

6 =1 

4=1 
8=1 

2 =1 

8 =1 
4» 



Of a ton. 
cwt. qr. ton. 
10 

5 

4 

2 

2 

1 

1 



8 
12 
16 
15 



^=li7 



1 

— 2 

= i 

1 

— 6 

2 

= .« 

— 6 

— 4 

6 

= 1 

2=1 



0/ a cwt. 
qr, lb, cwt. 

2 =^ 
1 =i 

16=4 
14= i 

« = lV 

7 = A 
4=3'5 

2 = »'b 
1 4=* 



20=4 
8=4 

2 24= 4 

3 12= 4 



1 
1 

3 

1 

6 

i 



Of a year, 
m. d. y* 

6 = 
4 = 
8 =* 
212 = 
2 = 
115=4 
110=^ 

1 6 = t\j 
4 24=1 

7 6= I 
918= J 
415=1 
715=1 



* When the number of articles is not very large, and the price con- 
sists of several denominations, the answer can generally be obtained 
most readily by Compound Multiplication. 

When the number of articles is large, and the price such as to 
require but few parts to be taken, the readiest mode of solution is 
by Practice. 

When the quantity and price, consist each of several denominations, 
the best mode of solution is by Proportion, or by Fractional Analysis. 



260 THE COUNTING-HOTJSX* [ART. XT. 

Similar tables may be made to any required exteiit| but 
tbese are suffident to sbow their application. 

One of the following rules may be adopted in nearly all 
questions that admit of abbreviation by Practice : 

1. A»». ^ p.. .. ^ ™i. higher «,„ ae gi™. 
pricO; and take aliquot parts of the assumed price for the 
answer. 

2. Multiply the price by the integers of the highest 
denomination, and take aliquot parts for the lower denomi- 
nations. 

In the application of either of these rules, there is great 
room for the exercise of judgment, in determining what parts 
should be taken to determine the answer most readily. 

Examples iLLUSTBATiNa the First Rule. 

1. At 43} cents a yard, what is the price of 87} yards 
of muslin? 

The price at $1 per yd. would be $87.50 



at 25cts. = U 

at 12} " = } of U 

at 6i« = }of «i 


21.875 
10.9375 

5.46875 


at 43} 


$38.28125 


Or, as $0.43| = Jy^^, the answer mi 
by multiplying $87.50 by ^^. 


ght have been obtained 


2. What is the value of 96} lb. 
per lb. ? 


of tea, at 3s. 10|(J. 


The price at £1 per lb. would be 


£96 10s. 


at 3s. 4d. 7= }£ 
at 5d. = 1 of 3s. 4d. 
at ltd. = i of 5d. 
at ^d. = ^ of 5d. 


16 1 8 
2 2^ 
10 Of 

4 i 



at3s.l0|d. £18 15 ll|d. 
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'EiXAMFSJt FOB ILLUSTRATINa THE SlOOND RULS. 

What is the value of llcwt. 3qr. 171b. of sugar; at £1 
3«. Qd. per cwt. ? 

£ 8, d. 



2 qr. = }cwt. 
161b. =^owt. 

Iqr. = }2qt. 
lib. =:yV 161b. 



13 6 price of Icwt. 
11 



12 18 6 price of llcwt. 
11 9 " " . 2qr. 
6 10} " " . Iqr. 
3 4f " « . . 161b. 
2JI " " . . lib. 



13 19 8t' price of llcwt. 3 qr. 17 lb. 



The following rule is probably as convenient as any that 
could be given, for computing interest by Practice. 

Multiply 1 per cent, of the principal by i the even num- 
ber of months, and if there is an odd month, add 30 to the 
number of days. Divide the days by 6, and multiply y^ 
of 1 per cent by the quotient. If there are any remaining 
days,^ take as many 60ths of 1 per cent. Add the numbers 
so obtained, and their sum will be the interest at 6 per cent. 
For any other rate, increase or diminish the result, as in 
the Bank Rule. 

Example fob iLti^sTBATioK. 
What ia the interest of $9768.25 for 2yr. 9mo. 8dy.? 

1 per cent., or the interest ^ . «« «««.. 

* o -^ XI. • tfftT /»onc 1 P«r cent, is 97.6826 

for 2 months, is $97.6325. j ^^*'2yr. 8mo. ia 16 

Multiplying by 16, we obtain 
the interest for 2yr. Smo. The 
Imo. remaining, added to the 
8 days, gives 88 days, in which 
6 is contained 6 times, with 2 
remainder. As the interest $1628.9589 

A The fraction is ^§, but as nothing is reckoned less than id., it ii 
called i. 

^ When the remainder is 4, it is more convenient to diminish the 
quotient by 1, and call the remainder 10, taking |^ or J of 1 per cent 
iot the interest. 





586.7960 




976.826 


86dy. is .6 of 2mo* 


58.6796 


2dy. is -^ of 2mo. 


8.2644 
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for 6 dajg is .1 of 1 per cent.,or $9.76^+, the interest for 86 days 
is 6 times as much. The two remaining days are -^ of 60 days, 
we therefore add -^ of $97,684-. 

There are a variety of other contractions thiat may frequently 
be adopted in practice. A few are given below, which wiU often 
be found useful. 

(1.) When the multiplier consists of any number of 9^8, increase 
it by 1, and subtract the multiplicand from the product. Thus, 
18478 X 9999 = 184780000 — 18478 = 184711527. 

(2.) To multiply by 6, divide the multiplicand by .2. Thus, 
187 X 6 = 187 -i- .2 = 936. To divide by 5, multiply the dividend 
by .2. 

(8.) To multiply by 26, divide the multiplicand by .04. Thus, 
1289 X 2^ = 1289 -s- .04 = 82225. To divide by 25, multiply the 
dividend by .04. 

(4.) To multiply by 75, multiply by 100, and subtract J of the 
product. Thus, 18645x76 = 1864600 — 466126=1398876. To 
divide by 76, divide by 100, and add i of the quotient. 

(6.) To multiply by 125, divide, the multiplicand by .008. Thus, 
1641 X 126 = 1641 -i- .008 = 206126. To divide by 126, multiply 
the dividend by .008. 

(6.) To multiply by 875, divide by .008, and multiply the quo- 
tient by 8. Thus, 294 x 875 = 294 h- .008 X 3 = 110260. To 
divide by 876, multiply by .008 and divide by 3. 

(7.) To multiply by 625, divide the multiplicand by .0016. 
Thus, 4812 X 625 =4812 .4- .0016 = 3007600. To divide by 625, 
multiply the dividend by .0016. 

(8.) To multiply by 875, multiply by 1000, and subtract J of the 
product Thus, 736 X 876 == 735000 — 91876 = 643126. To di- 
vide by 876, divide by 1000 and add ^ of the quotient. 

(9.) To multiply by any number within 12 of 100, 1000, &c., 
annex to the multiplicand as many zeros as there are figures in 
the multiplier, and subtract as many times the multiplicand as are 
equivalent to the excess of 100, 1000, &c., over the multiplier. 
Thus, 24796 X 99989 = 2479600000 — (11 X 24796) = 2479327244. 

(10.) To square a number ending in 6, multiply the number of 
tens by one more than itself, and place 26 at the right of the 
product. Thus, 8 X 4 = 12, and 35 X 35 = 1225; 12 X 18 = 166, 
and 126 X 126 = 16626; 6 X 7 = 42, and 66 X 66=4225. 
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(11.) When the tens in two numbers are alike, and the sum of 
the units is 10, to obtain the product multiply the number of tens 
by one more than itself for the hundreds, and place the product 
of the units at the right of this product, for the tens and units. 
Thus, 4 X 5 = 20, and 48 X47 = 2021 ; 42 X 48 = 2016; 44 X 46 
«2024; 7 X8«56, and 72X78 = 5616; 71 X 79 = 6609, &c. 

(12.) The sum of two numbers multiplied by their difference, is 
equal to the difference of their squares. Hence we may readily 
find the product of two numbers, one of w^ch is as much above 
as the other is below, a certain number of tens. Thus, 87 X 73 
= (804-7) X (80 — 7) = 80« — 72 = 6400 — 49-6351. 

(18.) To square any number between 50 and 60, add the units 
of the giyen number to 25 for the hundreds, and annex the square 
of the units for the tens and units. Thus, for the square of 51 ; 
25 + 1 = 26 hundreds, and 1 X 1 = 1 ; hence 51 X 51 = 2601. In 
like manner 58 X 53 = 2809 ; 59 X 59 = 3481. 

(14.) When one figure of the multiplier is an aliquot part of one 
or more of the remaining figures, the work may be abbreviated 
as in the following example : — 

Multiply 489.137 by 7261.8. 

We see at 
once that 18 ^^-187 
is a multiple 

of 6, and 72 2934822 =prod. by 6. 

is a multiple 8804466 = prod, by 3 X 6 = prod, by 18. 

of 18. There- 85217864 = prod, by 4 X 18 = prod, by 72. 

fore, multi- 3552015.0666 

plying first 

by 6, we take 3 times the product for the product by 18, and 4 

times the product by 18, for the product by 72. 

(15.) In the ordinary mode of determining the greatest qommon 
divisor of two numbers, any prime factor or square number, con- 
tained in one number but not in the other, or any prime factor or 
square number in a remainder that is not in the preceding divisor, 
may be rejected, and the work thus abbreviated. For example, 
let the greatest common measure of 689 and 2279 be required. 
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Here the square number 4 is a 

factor of 212, and not of 689. We ^^^ ) ^279 ( 8 

therefore diyide 212 by 4, and im- 

mediately obtain the greatest com- 4 ) 212 

mon measure. In the appUcation q. c. MeasTeS ) 689 ( 18 

of this principle to the reduction of 68 

fractions, we obserre that 58 diyides 

689 18 times, and it diyides 212, 4 ^^^ 

times. It therefore divides 8 X 689 _ 
+ 212 or 2279, 8 x 184-4 or 48 
times. Therefore ^^^ = ^| . 

Reduce || J to its lowest terms. 

457 ) 563 ( 1 

457 ' Neither 2 nor 58 being factors of 457, 

the fraction is already in its lowest terms. 

106 = 2x58 ^ 

EXAMPLES. 

1. Find the cost of 151b. lOoz. of tea, at $.87} per lb.; 
at 9.25; at9.31i; at 9.43}; at 9.50; at 9.56i; at 9.66}; 
at 9.87}. 

2. WHat b the price of 89}ydB. of broadcloth, at 94.75 
per yd.? Ans. 9426.31}. 

3. What is the value of 49A. SB. 15r. of land, at 9125 
per acre ? Ans. 96230.47. 

4. What is the value of 96jds. 8qr. Sua. of broadcloth, 
at £1 2s. 6d. per yard? Ans. £109 Is. l}d. 

5. What will 17T. llcwt. 2qr. 211b. of iron cost, at 
919.75 per ton? Ans. 9347.29. 

6. What b the cost of 163A. 2R. 25r. of land, at 915.76 
per acre? Ans. 92577.59. 

7. What is the value of 864yds. 3qr. Ina. of sheeting, 
at 12}cts. a yard ? Ans. 945.60. 

8. Bought 76bu. 8pk. of potatoes, at 37}cts. a bushel; 
19bu. 2pk. of wheat, at 91.10 a bushel; 87bu. Ipk. of 
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fcarley, at 62 Jets, a bushel; and lOT. 15eirt, of hay, at 
(16.00 a ton. What was the amount of the whole ? 

Am. 1245.61. 

9. What is the interest of $2375 for Syr. llmo. 23dy., at 
.055 per year? ' Ans. $781.21. 

10. What is the interest of (4814.25 for 3yr. 7ino. 14dy., 
at .06 per year ? At .075 per year ? 

Ans. (1046.297; (1307.87. 

11. Multiply 576.3 by 99; by 999000. 

12. Multiply 7.894 by 5; by 25; by 7500. 

13. Multiply 48.302 by 1250; by 375000. 

14. Divide 1879.4 by 5; by 250; by 75. 

15. Divide 4449.17 by 125; by 375. 

16. Multiply 3.0872 by 525125, by adding three partial 
products. 

17. Multiply 41909 by 999625125, in the most cxpecK- 
tious manner. 

18. Multiply 89443 by 625 ; by 875. 

19. Divide 141.982 by 625; by 875. 

20. Multiply 89443 by 625875. 

21. Multiply 283172 by 9992 ; by 991. 

22. What is the square of 15 ? of S5? of 115? 

23. What is the product of 73 X 77 ? 12 X 18 ? 44 X 
46? 

24. What is the product of 81 X 89 ? 75 X 75? 34 X 
36? 

25. What is the product of 16 X 24 ? 19 X 21 ? 35 X 
45? 89x71? 67x53? 78 X 82? 96x 84? 113 x 107? 
112 X 128 ? 

26. What is the square of 58? of 56? 52? 55? 57? 
54? 
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27. Find the greatest common divisor of 804 and 938 ; 
of 741 and 1083 ; of 1343 and 1817. 

28. Reduce each of the following fractions to its lowest 
terms: m, ^\%, Ul Hil, ^Vr 

29. Multiply 476384 by 9995125626. 

30. Required the interest of $1729.50 for 3yr. 7mo. 16dy., 
at 7 per cent. 

71. Cause and Effect. 

In all questions which can be solved by ratio or propor- 
tion, if the multiplying terms are written in one column, 
and the dividing terms in another, the factors common to 
both columns may be cancelled, and the answer obtained by 
dividing the product of the remaining factors in the column 
of multipliers, by the product of the remaining factors in the 
column of divisors. 

The terms of a proportion may be distinguished into 
ca7i8€8 and effects^ and the alternate products of either cause 
by the other effect, are equal. For example,af 8 men build 
6 rods of wall in a day, 4 men will build 3 rods in the 
same time. Stating the proportion, we have 

men. lueiii rod. rod* 

8 : 4 : :6 : 3 

Muw. ' cftine. effect effbct. 
I I I I 



The product of the extremes, and the product of the 
means, give us the product of each cause by the effect of 
the other cause. If then we write each effect opposite to 
its cause, our multipliers and divisors will be obtained with- 
out difficulty. 

Men, animals, and times, are evidently causes, because 
the increase of either of them, will increase the effect 
produced. 
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In questions of height, we may regard distances and bulk 
as causes^ producing money for their effect. 

The principal of a sum of money at interest^ is « cause, 
and the interest is an effect. 

A little practice will give great facility in distinguishing 
between causes and effects^ in all cases of common occur- 
rence^ and by acquiring readiness in making this distinction, 
a vast amount of labor may be sayed. 

In arranging the terms according to this rule^ when we 
reach the required term, or term of demand, its place may 
be supplied with a dash. Then, as the product of all the 
factors on each side must be equal, the missing term may 
be found by cancelling, and dividing the product of all the 
numbers on the side opposite to the dash, by the product 
of all the numbers on the side in which the dash is included. 

Examples fob Illustbation. 

1. If 18 men, in 6 days of 8 hours, build a wall 150 feet long, 
2 feet wide, and 4 feet high, in how many days of 12 hours will 
24 men buUd a wall 200 feet long, 8 ifeet wide, and 6 feet high ? 



Commencing our statements, • men 1^ 

we write 18 men, 6 days of 8 | days ^ 

hours, as cause, and the efiFect, g hours Jf 

•which is a wall 160ft. long, 2ft. long ^00 



^ liien. 
— days. 
jL^ hours 



lL$p long. 
^ wide. 
^ high. 



wide, and 4 ft high, on the op- -S ^- j^ g 
posite side. Opposite to each of £ high 3 (i 

these terms, we write — days, 12 * 9 days Am. 

hours, 24 men, as cause, and 200 ^ 

long, 3 wide, 6 high, as effect. 

Cancelling the like factors, we have but 8 x 3 on the side of the 
multipliers, and 1 on that of the divisors. 3 X 3 -j- 1 is therefore 
the missing term, or number of days required. K either term 
were fractional, the denominator, representing a divisor, should 
be transposed to the opposite side. By proceeding in this man- 
ner, a statement may be made as soon as the question can be 
proposed. 

2. If $27^ buy 4} yards of cloth, that is |yd. wide, how 
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many yards of like qualil^, that is jyd. jMe, may be b«asht for 



STATSmilT. 



27^ 13} 



I 






Reducing the mixed numbers 
to improper fractions, we trans- 
pose the denominators, writing 
them aboTC the causes, — then 
cancel and divide as before. 
An». i| = lAyd. 



8 

4 




7 


Id 



Examples fob the Pupil. 

1. How many men in 18 months^ will build a wall that 
108 men can build in 16 months ? * 

N. B. The effect in this example is 1 wall. 

2. How many bushels of meal will serve 54 persons 12 
months^ if 15 persons consume 12 bushels in 2 months?^ 

3. If 27 men build a cistern 30ft. long, 16ft. wide and 
10ft. high, in 4 weeks, by working 5 days in a week, and 9 
hours a day, how many men, working 6 days in a week^ and 
12 hours a day, will build a cistern 48ft. long, 12ft. wide, 
and 20ft. high, in 9 weeks ? * 

4. JWhat is the interest of 9SQ0 for 3y. 4mo., at 6 per 
cent. ?* 

5. If $16 gain $3 in 5 mo., how much ought $24 to jgain 
in lOmo. ? • 

6. If the freight of 18001b. for 56 miles, is fl.50, bow 
far may IT. 4cwt. 121b. be carried for $6.75?' 

7. How much wheat, at 11.20 a bushel, must be 



»— 108 
18 16 


»»54 15 
12 2 

12|- 


«27 
4 
5 
9 


6 

12 
9 


«»1 360 
12 40 

— 1 .06 


•16 24 
5 10 

-|3 


f 1800 270C 
56 


ll 1 


6.75 1 1.50 




48 
12 
20 


30 
16 
10 
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given in exchange for 90 barrels of flour, at $4.75 per 
barrel?* 

8. If the rent of 19A. 3R. of latid is £4 lOs.^ what will 
be the rent of 73} A. 1^ 

9. If the expenses of a family of 8 persons are $40 in 
10 weeks, how many persons can be supported 12} weeks 
for«100?« 

10. The shadow of a stick ih&i is 5ft. Gin. high, measures 
8ft. 4in. What is the height of a tree whose shadow meat 
sures 75fL at the same time ? ^ 

11. If 29}bu. of wheat yield 1760bu. in 5 years, how 
much will 45}bu. yield in 6 years at the same rate ? 

12. If 10 compositors, in 2 days of 10 hours, set 66} 
pages of types, each page containing 45 lines of 50 letters, 
how many compositors will set 94| pages, each page con- 
tainiiig 85 lines of 40 letters, in 2| days of 8 hours ? 

18. If 19 men, in 71 j days of 10| hours, dig a trench 
41|yd. long, 5|ft. deep, and 7|ft. wide, how long a trench, 
that is 8§ft. deep, and 4y^|jft. wide, will 11 men dig in 291^ 
days of ^ hours? Ans. 50||4gf|yd. 

14. If 18 men in 9^ months consume flour worth $78.75, 
when wheat is $1.12} per bushel, how many months will 
$145 supply 85 men with flour, when wheat is $1.00 per 
bushel? Ans, lO/^^^mo. 

15. If 2500 slates, each 8 inches long and 5 inches wide, 
will cover a roof, how many will be required that are 6 inches 
long iind 4 inches wide ? Ans. 4166|. 

16. A pile of wood 60ft. long, 10ft. high, and 8ft. thick. 



* — I 90 » 2 |4 c 21 

1.204.75 



79 



147 8 

10 



25 



«» 3| 2 


11 — 



-l** W[^ who 
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was sold for ?238J. What would be the price of ^ pile 
20ft. long^ 8ft. high^ and 4ft. thick; at the same rate ? 

Ans. f31|. 

17. If 5 men, by working 8 hours a day for 12 days^ can 
build a wall 40 rods long, 2 feet thick, and 6 feet high, how 
many men, working 9 hours a day, will build a similar wall, 

^ 80 rods long, 3 feet thick, and 8 feet high, in 4 days ? 

Arts. 20 men. 

18. If 7 men, in 8} days, by working 9 hours a day, can 
build i of a wall that is to be raised 12 feet, how many days 
must 11 men work, when the days are 8 hours long, to raise 
the same wall 5 feet? Ans. 74§| days. 

19. If JlOOO^ain $11^ in 80 days, how much will ?2500 
gain in 120 days, at the same rate ? 

20. If a man, by walking 3 miles an hour, for 6 hours a 
day, can accomplish a journey in 12 days, in how many 
days would a man walk the same distance, at the rate of 
2} miles an hour, for 9 hours a day ? 

21. If 42} bushels of com, that weighs 51 i pounds a 
bushel, can be bought with 23 bushels of wheat, that weighs 
56} pounds a bushel, how much corn, weighing 60 pounds 
a bushel, would be equivalent to 100 bushels of wheat 

t 

that weighs 54 pounds a bushel ? Ans, ISO^y^^bu. 

22. If a man travels 240 miles in 8 days, when the days 
are 12 hours long, how many miles will he travel in 24 
days, when the days are 16 hours long ? 

23. If the freight of 2T. 6cwt. for 28 miles, is $14.50, 
what will be the freight of 9T. 4cwt. for 96 miles ? 

24. If 4 men, in 3 days of 8 hours, build 40 rods of wall, 
how many rods will 18 men build in 5 days of 9 hours ? 

Ans, 387} rods. 

25. How many men, in 24 days of 16 hours, will do three 
times as much work as 18 men can perform in 82 days of 
12 hours ? 
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26. If 14 men, in 5} days, by working 8 hours a dayi 
xeap 38} aeres of grain, how many men will reap 37} acrei' 
in 6 J days, by working 9 hours a day ? 

27. How much wheat^ that weighs 601b. per bushel, 
would be required to< supply a garrison of 1400 men 9 
months, if 2800 bushels, weighing 58 lb. per bushel, supply 
800 men 3} months? Am. 12180bu. 

28. How many hours a day must 15 men work, to dig a 
trench 400ft. long, 6ft. wide, and 3ft. deep, in 187} days, 
-if 72 men can dig a trench 250ft. long, 8ft, wide, and 4ft. 
deep, in 31} days, by working 7 hours a day? 

29. How maQy men can be furnished with 4 suits each, 
by 1140 yards of cloth that is l}yd. wide, if 2016 yards, 
f yd. wide, furnish 112 men 3 suits apiece ? 

30. If :16 compositors set 150 pages of types, each page 
containing 48 lines, and each line 50 letters, in 3 days of 10 
hours, how many compositors will be required to set 500 
pages of 72 lines ^ach, and 45 letters in a line, in 6 days <^ 
8 hours? ' ^ Ans. 45. 

31. If $1700, at 6 per cent., yield an interest of $350 
in a given time, what will be the interest of $3900 at 7 per 
cent, for one half the time ? 

32. If 30 reams are required for 1500 pamphlets of 10 
sheets each, how many reams will be required for 740 
pamphlets of 12} sheets each? 

33. If 17 yards of serge, that is f wide, are required to 
line a cloak containing 9.75 yards of cloth that is 5} quarters 
wide, how many yard$ of a yard wide, would line a cloak 
containing 10.5 yards of cloth 6} quarters wide ? 

^ns. 15f fffyd. 

34. If a cistern discharges 83} gallons of water in 1.3 

hours, how much will it discharge in 6$ hours ? 
16 



1 
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35. When exchange on London is at a premium of 9} 
per cent, what is the value of $1863.50, in English money, 
the par of exchange being £1 = |4.44| ? 

••V 

73. Exchange. 

The term E:^CHANQir, in commerce, is generally employed 
to designate that species of mercantile transactions, by which 
the debts of individuals residing at a distance from their 
•creditors, are cancelled without the transmission of money. 

A Bill of Exchange is an order addressed to some per- 
son at a distance, directing him to pay a certain supi to the 
person in whose favor the bill is drawn, or to his order. The 
person who draws the bill is called the drawer ; the person 
in whose favor it is drawn, the remitter or pa^ee; the per- 
son on whom it is drawn, the drawee. The drawee is also 
called the acceptor, when he has accepted, or engaged to 
pay the bills. 

Though bills of Exchange are originally drawn by credit- 
ors on their debtors, they are very rarely transmitted directly, 
but pass from hand to hand like any other circulating 
medium, and are bought and sold in the market. When 
the remitter disposes of a bill, he writes his name on the back, 
and is termed the endorser. If he endorses in favor of any 
particular individual, he gives a special endorsement, and such 
endorsee must sho endorse the bill if he negotiates it. But 
if the endorsement is blank, the bill may be passed at pleas- 
ure from hand to hand. Every endorser, as well as the 
acceptor, is held responsible for the payment of the bill, and 
may be sued for its recovery. 

Inland, or Domestic Exchange, includes the commei 
cial transactions within the limits of one country. Foreign 
Exchange relates to the transactions of one country witb 
another. 

The True Par op Exchange is the value of the our* 
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rencj of one country estimated ia the currency of another, 
by comparing the quantity of gold and silver in thdr 
respective coins. The exchange with England apparently 
furnishes an exception to this rule, the nominal par being 
$4.44| per £, while the actual value of the pound sterling, 
which is the real par, is about $4.87. Hence, exchange on 
England is generally said to be' from 8 to 10 per cent, above 
par. 

The Course of Exchange, or the fluctuation above ot 
below par, depends generally on the amounts due between 
different countries. Thus, when the debts and credits be- 
tween two countries are equal, the real exchange is at par. 
But if New York owes liondon more than liondon owes 
New York, there will be a gi'eater demand for bills on Lon- 
don, and this demand will produce a rise in the price, or 
cause the bills to be at a 'premium. The premium, how- 
ever, can never exceed the cost of transporting specie;; for 
if it did, all debts would be paid in money or merchandise, 
instead of bills of exchange. The nominal premium, how- 
ever, may exceed the cost of remitting coin, when the nomi- 
nal par is above the real par. 

The operation of Bills of Exchange, may be explained 
by a single example. 

If A. of Boston owes B. of Paris, and 0. of Paris owes 
D. of Boston, A. purchases in the market a hiU upon Paris; 
that is, he buys of D. an order on his debtor C, to pay A. 
or his order the amount desired. A. endorses the bill, and 
sends it to B., who receives payment from C. Thus the two 
debts are cancelled by a single remittance; the inconve- 
nience of exporting and re-importing coin is removed, and 
all danger of loss is obviated by sending three bills (called 
the First, Second, and Third of Exchange), either of which 
being paid, the others are void. ' 

An Acceptance is an engagement to pay the amount of 
the bill, and may be either absolute or qualified. An abso* 
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lute acceptance binds the drawee when the bill becomes dne^ 
and in making it the drawee usually writes ''Accepted/' 
and subscribes his name at the bottom, or across the body 
of the bill. A qualified acceptance implies some condition^ 
as the sale of merchandise, &c., and does not bind the 
acceptor until the condition is complied with. If a bill is 
made payable at a certain time after sight, the acceptance 
should be dated. 

A bill should be presented for payment during the regu- 
lar hours of business, on the day it becomes due. 

When acceptance or payment has been refused, the holder 
should gi\r:e immediate notice to all the parties whom he 
intends to hold responsible for the payment of the bill. 
This notice is usually accompanied with a Protest, which 
is an instrument prepared by a public notary, stating that 
acceptance or payment has been demanded and refused, 
and that the holder of the bill intends to recover any 
damages which he may sustain in consequence. 

In some places on the continent of Europe, banks of 
deposit are established, and exchanges are frequently made 
by transferring the amounts credited on the books of the 
bank, from one person to another. The deposits on which 
these credits are based, are called banco, and they usually 
bear a premium above the ordinary currency of the country. 
This premium is called the agio. 

The comparative market value of gold and silyer is con- 
stantly vailing, and the mint vdue is differently estimated 
by different governments. Thus, in England the relative 
worth of the two metals is as 1 to 14.29 ; in France as 1 to 
15.52, and in the United States as 1 to 15.99. In Engr 
land, silver is so much overvalued, that it would banish the 
gold coins from circulation, were there not a statute pro- 
viding that only gold shall be legal tender in aU payments 
of more than 40 shillings. The relative value of the pre- 
cious metals should always be considered, in estimating the 
true par of exchange with any country. 
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DoBfKSTIO EXOHANQE. 

Inland Exchange is neually effected by checks or DbaftS; 
similar in form to the following : — 



J1276.25 Philadelphia, June 3, 1850. 

Sixty days from date, pay to James N. Lewis, 

or order. Twelve Hundred and Seventy-Fiye Dollars and 

Twenty-Five Cents, and charge the same to my account. 

William Morris. 
To Markham & Jones, 

Merchants, Cincinnati. 

The premium or discount on drafts, may be owing either 
to a difference in the value of the circulating medium, or 
to fluctuations in the demand. 

The English denominations of shillings and pence, are 
still retained in this country to some extent. At the for* 
mation of the Constitution, the continental currency had 
suffered a greater depreciation in some of the colonies than 
in others. Thus, while a pound in New England was worth 
$3.33i, in Pennsylvania it wag but $2.66}, and in New 
York but *2.50. The value in Federal Money, of the old 
currencies of the different States, is as follows: — 

A shilling of New England, Virginia, Kentucky, or Ten- 
nessee, is 16} cents. 

A shilling of New York or North Carolina, is 12 J cents. 

V 

A shilling of New Jersey, Pennsylvania, Delaware, or 
Maryland, is 13} cents. 

A shilling of South Carolina or Georgia, is 21^ cents. 

We cannot remind teachers too often of the signal l)enefits they 
may c<mfer upon their pupilg, by commmuoatlng collateral know- 
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ledge to them ;* that is, such knowledge as is directlj connected 
with the subject of their lessons, though rarely, if erer, found in 
a text-book. This practice should be commenced with a child the 
first day he enters the school-room, and should never be disconti- 
nued until the day when, for the last time, he leaves it. If teach- 
ers would make themselves familiar with such books as Miss 
Mayors Lessons on Objects; Mrs. Hamilton's Questions; the first 
fifty pages of Wilmsen's Children's Friend, and similar works, it 
would be impossible for them to keep school, or even to hear a 
recitation, without overflowing with information, both instructive 
and delightfuL The school-room would then cease to be a place 
so far out of the world,; and the gulf which has so long separated 
it from actual life would be bridged over. When it was our for- 
tune to be a teacher of the Greek and Latin classics, we used to 
think it as much a part of our daily duty to be prepared with 
illustrative anecdotes and historical facts, drawn from the man- 
ners and customs of other nations and times, in order to render 
each lesson more useful and interesting, as to be prepared for 
translation or syntax. The whole business of the sohool-jroom, 
from morning till night, should, in this way, be made attractive 
and profitable. Children do love information which is adapted to 
their capacities, and they will desire to go where it can be found, 
as naturally as bees to flowers. An absurd objection is sometimes 
urged' against such a course; namely, that it will only «muse 
children, turn what should be toil into pastime, and create a dis- 
relish for close, pains*taking, solitary application. This objection 
is theoretic merely. It is never made by those who have tried 
the experiment. It is urged only by such as are too ignorant or 
too indolent to make the necessary preparation. Not only reason, 
but experience, proves that it is the best possible means of kin- 
dling a desire for knowledge in the bosoms of the young ; and 
when this desire is once kindled, the teacher has only to direct 
the car, instead of dragging it. 

We propose, on the present occasion, to give a specimen of the 
kind of instrucUon we mean ; to show, by an example, how col- 
lateral knowledge may be appropriately introduced to illustrate 
and enrich the matters contained in the text-book. And we may 
remark, in passing, that it is strange how any teacher caif ever 
use the term text-book, without being reminded that it is only a 
collection of texts, which it is his duty to explain and illustrate. 

In our cities, every merchant and most business men have 

* The remamder of this Section was originally published in the 
December numbers of the Common School Journal, for 1847. 
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much to do with 'bills of exchange and promissorj notes. In th» 
coontry, too, almost eyery man has something to do with notes of 
hand, either as promisor or payee, endorser or endorsee. If a man 
borrows money, he makes these instruments ; if he lends nioney, 
he receives them. Every respectable man is liable to be on a 
jury, where questions respecting this class of securities are tried ; 
and no man is so poor, so ignorant, or so far outside of all society, 
as not to hear eonversations about them. 

Suppose, then, a class of advanced scholars, whose minds have 
been previously awakened by a proper course of instruction, to be 
asked in what way they suppose that commercial tramsactions 
between the merchants of different nations are carried on. The 
citizens of the United States, for instance, send abroad their 
productions to different quarters of the world, to the amount of a 
hundred millions of dollars or more annually. In what manner 
do they receive their pay ? In money, or otherwise ? Should any 
one say in money; then explain to him the immense trouble, risk, ' 
and expense, of bringing a hundred millions of dollass from other 
countries, actress the ocean to this, which amount must soon be 
sent abroad again to pay for foreign productions which we want. 

Here the historical fact may be stated, that we learn from the 
Pandects,* that, when a Boman capitalist had lent money to a 
foreigner, the common mode of collecting the debt was, to send a 
trusty slave to the foreign country to receive the debt and its 
interest, and to bring them home. But this was necessarily both 
expensive and perilous. 

Some may suppose that money may not be remitted for the set- 
tlement of each transaction, but that the traffic may be carried 
on by barter. One merchant may send flour, and receive his pay 
in cutlery ; another beef, and receive broadcloth, &c. It will be 
easy to answer any suggestions of this kind by showing, that, on 
such a plan, each man would have to trade in everything, or, at 
least, in a great variety of things, and with a great number of 
men. But the same man could never trade in books, leather, jew- 
elry, iron-ware, silks, pork, tea, fish, fruits, logwood, flour, cotton, 
rice, oil, feathers, coal, hemp, molasses, indigo, otter skins, &c. 
&Q. ; or if, by any possibility, one man could trade in all these 
things, he never could trade, with all parts of the world from which 
they come. Barter, therefore, must always be confined to a small 
number of articles, and to the same place. 

*■ Pandecis, the digest of the civil law published by Justinian. £x 
plain who Justinian was, and when and where he lived. 
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Here the rabject mnj be dismiseed, for ^the first daj, and the 
children sent away to devise or to ascertain in frksX way commeroial 
transactions between different nations may be made expeditious, 
safe, and cheap. We suggest the suspension of the subject at 
this point, because we deem the proper course, in regard to all 
instruction, to be, first, to awaken the child's mind to a sense of 
the necessity or desirableness of knowledge, and to put it into an 
inquiring or receptive state ; and then, secondly, to rectify the 
Tiews which his unaided judgment may suggest, or to impart, when 
necessary, the precise knowledge he needs. 

At subsequent recitations, let the subject be taken up again, 
and either the pupils or the teacher will explain it as follows : — 

A., in Boston, Is about to ship flour for the Liverpool market. 
B., in Liverpool, is a com* merchant, and will buy A.'s flour. 
At the time of this transaction, C, also a merchant in Boston, 
wants cloths f^om D., a manufacturer in Manchester. When A. 
ships his flour, he draws a bill of exchange on B., in Liverpool, 
in which he requests B. to pay to himself, or to some other person 
named on the face of the bill, and to the order of whoever is so 
named, a sum stated, supposed to be the value of the flour when 
it shall reach Liverpool. But C. , in Boston, who wants cloths from 
D., in Manchester, has no money in England to pay for them; C. 
therefore buys A.*8 bill on B., and pays for it in our money. If 
the bill be made payable to A.'s order, A. endorees it to C. ; and C. 
then endones it to D.,-— or he endorses it in blarik, as it is called, 
which phrase the teacher must explain, — and sends it to his agent 
or correspondent in England. When the bill arrives in England, 
C.'s agent or correspondent presents it to B. ; and, the flour 
having arrived, B. aceepte^ that is, promises to pay it, according 
to its terms. It is then taken to the manufacturer D., and, the 
cloths having been bought, it is delivered to him. I), therefore 
becomes B.'s creditor, and receives payment from him in English 
money, as A. had received his pay from C. in Boston money. Thus 
the transaction is completed without the trouble, expense, or risk 
of sending a cent of money across the ocean, to be sunk by storms, 
or plundered by pirates. 

But suppose, in the above case, that C, after having bought 

^ ^ 5-, . 1 

*- Let it be explained that the word " corn,'* in England, never has 
the same signification as with us. Here, it is commonly used for 
Indiokn com or maize ; but in England, it is a generic term, and means 
wheat, barley, and other cereal grains. 
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A/8 bill of exchange, does not wish to use it for thtee months ; 
but his neighbor £. wants it, or one like it, to be used immedi- 
ately. Is there any way by which 0. can transfer this'bill to £., 
receive his money, and so have the use of it for the three months,— 
or must he go back to A., have the bargain resciuded, the bill can- 
celled, and a new one drawn in favor of £. ? There is such a way. 
When a bill or note is drawn payable to the order of any one, it is 
payable to whomsoever that one shall order it to be paid. In the 
case supposed, therefore, C. has only to write his name on the bill, 
with the words, " Pay to E.," and E. receives C.*s whole interest 
in it. If he says, "Pay to E., or his order," then E. may order 
it to be paid to any one else ; and so on. It is this transferability, 
or qu^ity of being transferable from hand to hand, that makes 
bills of exchange and promissory notes negotiable instruments. 
This word negotiable is an important one, and the meaning of it 
should be precisely understood. 

By the civil law of the European continent, bills of exchange 
and promissory notes were early recognised as mercantile instru- 
ments, and, from their nature, negotiable. But in England there 
was a strong prejudice against the assignment or transfer of debts, 
because of the abuses liable to be practised^ if one man could buy 
up a debt against another, and sue and imprison him on it. There 
are still laws, both in England and in this country, against buying 
up debts for purposes of oppression. Anciently, the common law 
of England forbade the assignment or negoti&tion of promissory 
notes. But the statutes of 8 and 4 Anne gave negotiability to 
notes, placing them, as mercantile contracts, on the same footing 
us inland bills of exchange. These English statutes have been 
generally adopted in the United States, as a part of our common 
law. 

At the present time, therefore, bills of exchange and promissory 
not^s, by their quality of negotiability, are the means by which 
debts and credits are transferred frpm one person to another, with 
safety, despatch, and economy/ They afford means of circulation 
for all the property they represent, and thus they enlarge in every 
country its stock of circulating wealth, or its means of trade. 

Promissory notes are of two kinds ; — negotiable, and not negotiable, 

A negotiable note expresses on its face that it is payablie, not 
only to the person named in it, but to any other person who shall 
acquire the legal interest in it. If it be made payable td JohU 
Stiles or order, it is then negotiable by endoreement ; if to John 
Stiles or bearer, it is then negotiable bg delivery. 
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A note not neg&tiaUe, expresses on its face that it is payable to 
the particular person named in it, — as to John Stiles. Such a 
note is payable only to the party named. 

All valid promissory notes import a Valuable consideration ; that 
is, an action at law may be sustained upon them without specially 
setting forth or proving a consideration for the note. In this they 
differ Arom other unsealed contracts. 

In a promissory note, there are two original parties, — the maker 
of the note, who is called the promisor '; and the party to whom 
it is made payable, who is called the promisee or payee. 

A valid negotiable promissory note is a written promise for the 
payment of money y at aWevents, 

The promise must be in writing, but it may be in ink or pencil ; 
and all but the signature may be in printed letters. The signa- 
ture gives efficacy to the note, and must be in the handwriting of 
the promisor or of his authorized agent. 

The form of words used is not material, provided the note 
contains a written profniae to pay, A mere acknowledgment of 
indebtedness is not sufficient; Thus, <*I owe you $800," though 
in writing, is only a due bill ; it is not a promissory note. 

The note must be for the payment of money. Therefore, a 
written promise to pay in goods or labor, is not a negotiable 
promissory note, although put into the form of a note, and 
payable "to order" or "bearer." 

A negotiable note must, on its face, fix and make certain the 
amount of money to be paid, either in words or figures. Hence, 
a written promise to pay " all that shall be due on final settle- 
ment," or " all that shall be realized from the growing crop," or 
" all that shall be received from John Stiles," is not a negotiable 
promissory note. Even though a part of the sum to be paid 
should be made certain, on the face of the note, it is yet not a 
negotiable promissory note, even for the part which is so made 
certain. 

The money, by the note itself, must be made payable at aU 
events, and independently of any contingency. Therefore, a written 
promise to pay "when certain goods are sold," or "when a 
certain ship arrives," is not a negotiable promissory note. So, if 
the note is made payable out of a particular fund, as "my next 
month's wages," it is not a negotiable promissory note. 
And the promise must be to pay money on a day certain, — a 
y fixed by the note itself. Therefore, a promise to pay $100, 
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^'irhen A shall come of age,'' is not a negotiable -promissory 
note ; for A. may never oome of age. But a note promising to 
pay ^100 when A. shall die, is valid ; for A.'s death on some day 
is certain; and the note, by its own terms, fixes that day for 
payment. 

A note' most contain no uncertainly as to the person to whom it 
is payable. Hence, a written promise to pay to '*A. or B.," is 
not a negotiable promissory note. But a written promise to pay 
to '*A. or bearer," is good; for, in legal effect, such a note is 
payable to <* bearer;" and anyper&onwho has legal possession of 
the note, and presents it for payment, is the *< bearer" intended. 

A note may be issued with a blank for the payee's name ; and, 
in such case, any bond fide holder may fill up the blank with his 
own or any other name, and the note will then be treated as 
though it had been valid in all respects from its date. 

It is indispensable that the maker's name should appear on the 
note as promisor. The name, however, may be written in ink or 
pencil^ and at the top, or bottom, or in the margin of the paper. 

It is not indispensable to the validity of a note that it should 
be dated, because M is allowable to show the time when it was 
made, by evidence extrinsic to the note itself; but this is always 
expensive, often difficult, and sometimes impossible. If a note 
be postdated or antedated, the time of its actual issue may 
always be shown, when required for substantial justice. 

It is not necessary that a note should specify any place of pay- 
ment ; but when it is the intent of the parties that it shall be 
paid at a particular place, the place must be specified in the body 
of the note. A memorandum at the bottom of the note, or on its 
margin, is not sufficient. . 

Nor is it essential that a note should be attested. An attesta- 
tion, however, in Massachusetts, takes a not^ out of the statute 
of limitations, as to the payee, his executor or administrator. 

A promissory note may be made by one person, or by two or 
more persons. When made by two or more persons, it may be 
joint, or joint and several. 

When two or more persons sign a note written thus: " We pro- 
mise to pay," &;c., it is a joint ndte only. If they sign a note 
written thus: "I promise to pay," &c., it is a joint and several 
note. When a note is joint, all the promisors must be jointly 
sued ; if joint and several, either promisor may be sued alone. 

When a note written thus, << We promise," &c., is signed thus, 
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*< A. B. M principal, and C. D. as surety/' it Ib still theJoitU note 
of A. B. and C. D. Had it been written, "I promise," &c., and 
signed in the same way, it would be a joint and several note. 
The words "principal" and "surety" only show the relation of 
the makers to each other ; they do not affect other parties. 

By the phrase "negotiable promissory note," is meant an 
instrument, negotiable and possessing all the pririleges of a 
promissory note in commerce. A note not negotiable is neyer* 
theless a binding contract between the parties to it. 

It is in reference to the transfer of a note from hand to hand,^» 
like a bank bill or a Bank of England note, — that the question of 
its negotiability becomes material. 

The Transfib or Notes. 
A note may be transferred by delivery, or by endorsement. 

As TO Transfer by Delivery. — The rule is, tiiat no person 
whose name is not on the note, as a party thereto, is liable on 
the note^ 

Therefore, when a note payable to bearer, or endorsed in blank, 
is transferred by the holder, by delivery only, the party transferring 
it is not liable upon it. 

By not endorsing it, he is understood to mean that he will not 
be responsible oh it ; and such, therefore, is the contract between 
him and the party receiving it. 

But if, in such case, the note is received, by the party to whom 
it is delivered, as a conditional payment of a debt previously due 
him, or as a conditional satisfaction of any other valuable con- 
sideration then given, the party transferring it, if the note is 
dishonored, (that is, if not paid^) on legal presentment and notice, 
will be responsible for the debt, or consideration, though not 
directly suable on the note. 

And though a party transferring a note by delivery only, is not 
liable on the note., he is not exempt from aU obligations or respon- 
sibilities. 

In the first place, by legal implication, he warrants his own 
title to the note, and his right to transfer it by delivery. 

Then he warrants that the note is genuine, and not forged or 
fictitious. 

And he warrants, moreover, that he has no knowledge of any 
facts which make the note worthless ; for instance, if the note 
be a bank note, and the party transferring it knows the bank has 
failtd, and conceals this knowledge, his act is a firaud, and the 
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consideratioh he received may be recoyered back. The fraud 
makes Yoid the contract. - And even if the failure of the bank, 
at the time of the transfer, was unknown to either of the parties 
to it, it i^ the better opinion that the transferrer must bear the 
loss, because it is implied in the transaction that the note would 
be paid on due presentment. 

As TO TsANsrBB BT ENDOR^iMsiif . — When a note is payable to 
a person, or his order, it is properly transferable only by endcnrse^ 
ment, as nothing else will give to the holder a legal title, so that 
he can, at law, hold the parties to the, note directly liable to him. 

By a- mere auignmesU of a negotiable note^ the holder acquires 
only the dame rights that the assignment would give him, if the 
note were not negotiable. v 

No particular form of words is required to make an endorsement 
legal ; generally it is enough if the signature of the endorser is 
on the note, without any words at all ^ and this is the usual mode 
of endorsing notes. 

The endorsement may be on either side, or any part of the note, 
or on a paper annexed to it, and in ink or in pencil. 

A note transferable by delivery only, may be endorsed ; and 
then the endorser incurs the same obligations and liabilities as if 
the note had been originally made transferable by endorsement only. 

The time of endorsing a note may be material, for if a person, 
(not the payee of a negotiable note,) endorses it when it is made, he 
will be liable at all events, not as endorser, but as guarantor. 
If he endorses it afterwards, (not being a regular endorser,) he 
will be liable if his act is founded on any legal consideration, but 
not otherwise. 

Every endorser, by his endorsement, contracts with every «u5- 
tequent holder of the note, — 

1. That the instrument itself, and the signatures antecedent to 
his, are genuine. 2. That he, (the endorser,) has a good title to 
the note. 8. That he is competent to bind himself as endorser by 
his endorsement. 4. That the maker is competent to bind himself 
as maker, and will, on pi^esentment, pay the note. 6. That if, when 
duly presented, it is not paid by the maker, the endorser, on due 
notice, will pay it. 

An endorsement may be in " hlanhy^ or " in fuU^^"* or " restrict' 
ive" or ** ffenered,*^ or **qitalified" or ** conditional " 

A <* blank^* endorsement is merely the name of the endorser 
written on the note. 
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After sach an endonement, a note may be transferred by deliTery 
only, and be circulated like a bank note ; and any holder may 
write out, over the endorser's name, the contract implied by law 
on the part of the endorser, and sue upon it. 

An endorsement is said to be ** in fuU" when it mentions the 
name of the person in whose favor it is made, and then the en- 
dorsee can transfer his interest in it only by writing his own 
endorsement on it. 

In otder to make an endorsement " restrictive," there must be 
express words, showing that intent; as, << Pay to John Stiles onfy.** 

An endorsement is said U) be ** general" when it is in blank, or 
payable to the endorsee or order. 

A *' qualified" endorsement is one which affects the liability of 
the endorser, but not the negotiability of the note ; as when to 
the endorsement is added, " without recourse" or ** at endorsee's 
own risk," &o. 

A ** conditionaV* endorsement limits the yalidity of the endorse- 
ment to some future event, and may be either precedent or sub- 
sequent ; as, Ist, ** Pay John Stiles the within on my marriage ;" 
or, 2d, ** Pay John Stiles, or order, the within in six months, 
unless he sooner receives it from my agent." 

Whoever receives an endorsed note, contracts with the endorser, 
(and if there are many, with each of them,) that the note shall 
be presented to the promisor for payment at the proper time ; that 
no extra time for payment shall be allowed ; and that notice of 
non-payment shall be immediately given to the endorser ; and a 
default in any of these particulars discharges the endorser. 

Due presentment for payment requires that the note should be 
presented as soon as it becomes due. If the holder could delay a 
day, he might two days, or a year ; but any delay may injuriously 
affect the endorser, and his remedy against other persons. There- 
fore, if the holder of the note does not present it to the promisor 
on the day it becomes due, the endorsers are discharged. 

And the rule is so, although the holder received the note so 
near the time of its maturity as to make the demand in legal time 
impossible. 

And such demand for payment is required though it is known 
that the maker is dead or an insolvent. 

Where a note is made payable on demand, the time at which 
payment must be demanded, depends on the circumstances of 
the casjB, the rule being that payment must be demanded in rea- 
sonable time. 
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And in MMsachnaetts, by statnte, the endorser is exeused, if 
the demand for payment on the maker is not made within sixty 
days from the date of the note. 

If a note is payable generally, that is, without any place being 
designated, it may be presented at the maker's counting-house or 
dwelling-house. If it is presented at the counting-house, it must 
be within the hours in which, by the usage of the city or place, 
counting-houses are kept open ; if at the dwelling-house, then -at 
hours while the family are up, 9^6. the maker, may be presumed 
not to have gone to bed. 

Aud where a note is made payable at a particular place, the 
demand must be made at the place fixed, as well as at the proper 
time ; otherwise the endorser. is discharged. 

Where a note is payable by a partnership, presentment to either 
of the partners is sufficient. Where the promisors are only joint 
contractors, and not partners, demand must be made on each. 

The demand must be made with the note; and if any particular 
bank or place is fixed for payment, the note must be there, in 
order to make the demand valid. 

On the failure of the maker to pay, the holder must give due 
notice of it to each party liable to him ; and if he fails to do so 
to any party, such party is discharged. 

And when the endorser live's in the same place with the holder, 
notice may be given on the day when the demand was made, or 
the day after, but not later. 

When the endorser and holder live in different towns, the notice 
may be by mail, by special messenger, or by private hand. 

And notice by the mail on the day, or the day after, is good, 
but not later. 

Where there are numerous endorsers, each is entitled to notice, 
and each is to give notice to all parties prior to himself; and 
each endorser has the next day after receiving notice^ in which to 
give notice to any prior party whom he seeks to hold liable to 
himself. 

73. Aebitration op Exchange. 

Merchants oftea find an advantage in remitting bills cir- 
cuitously, rather than directly to the plsice where they are 
due. The determination of the value of such remittances 
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is called Arbitration ov ExohanoE; and is best deter- 
mined by the Chain Rtjle. 



Example for Illustration. 

A French merchant wishes to pay in London a bill of 
£1500. How many francs innst he pay to procure remit- 
tances through Russia, Hamburg, and Spain, allowing 
£13 = 75 roubles, 5 roubles =^ 9 marcs of Hamburg; 3 
marcs = 1 Spanish dollar; and 9 dollars ==50 francs. 



We write the quantities which 
are equivalent to each other, 
as antecedent and consequent, 
making each consequent of the same 
denomination (ts the next antece- 
dent. The like factors on op- 
posite sides are cancelled, and 
the products divided as in § 71, 
to obtain the answer. 



£lS^=f^6 roubles, 
rou. ^ = p ' marcs, 
marcs ^ = 1 dollar, 
dol. )^ =. 50 francs, 
francs — = 1500£ 



18 ) 876000 



28846fr. ISy^jO. 



£13 

rou. 5 

mar. ^ 

$ 9 



1500£ 



The question may be otherwise stated in 
the following manner: If £13 produce 75 
roubles, 5 roubles produce 9 marcs, j3 marcs 
produce $1.00, and $9.00 produce 50 francs, 
how many francs will £1500 produce? The 
second set, or set of demand, contains but 
a single cause and effect. The first, or 
given set, contains a number of causes and 
effects, but they are so connected, that all 
the terms may be multiplied together, as a single compound 
term. Thus, if £13 produce 75 roubles, and 5 roubles produce 9 
marcs, £13 will produce -^- of 9 marcs, and £13X5 will produce 
75 X 9 marcs. In the same way, it may be shown that £13 X 5 
X3*=$75x9Xl, and £18 x 5 X 3 X 9 = 75 X 9 X 1 X 50 fr. 
Then how many francs will £1500 produce ? 



fr. — 



76 rou 
9 mar. 

1$ 
60 fr. 



E:^AMPLES FOR THE PUPIL. 

1. A London merchant wishing to pay 1000 milrees in 
Lisbon, remits as follows : To Amsterdam, at 36 schillings 
7 groats per £; thence to Cadiz, at 17 groats for 2 rials of 
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plate; thence to Leghorn^ at 17 pezze for 100 rials; tbenoe 
to Lisbon^ at 1497 rees for 2 pezze. How many pounds 
did he remit? Ans. £152 8s. 3id. 

2. If a merchant of New York remits 95000 to Hayre, 
at 5fr. 35c. for $1 ; thence to London^ at 49fr. for £2 } 
thence to Hamburg, at 1 marc for Is. 6d. ; and thence to 
St. Petersburg, at 8 roubles for 17 marcs, how many rou- 
bles can he pay with his remittance ?* 

Ans, 6850rou. 74cop. 

8. If 83 copecks are equal to 5 English pence, 11 Eng« 
lish pence are equal to 3 piastres, 13 piastres are equal to 
1 florin, and 5 florins are equal to 29 francs, how many 
francs are equal to 9000 copecks ? Ans, 165f. 92c. 

4. K a man receives J30 for building 8 rods of wall, and 
he can purchase 8 barrels of flour for $14, and 8cwt. of 
sugar for 4 barrels of flour, and 21 lb. of tea for 2cwt. of 
sugar, how many pounds of tea could he purchase by build- 
ing 17 rods of wall? Am. 1071b. 9ioz. 

5. If 13 days' work will purchase 1 hogshead of molas- 
ses, and 2 hogshead/? of molasses are worth 5 tons of hay, 
and 3 tons of hay are worth 4 bags of coffee, how many 
bags of coffee can be bought with 89 days' labor? 

Ans. 10 bags. 

6. If 70 braces of Venice are equal to 75 braces of Leg- 
horn, and 7 braces of Leghorn are equal to 4 yards, how 
many yards are there in 79.375 braces of Venice? 

Ans. 48H?yd. 

7. A merchant in New York orders £500 sterling, due 
him in London, to be sent by the following circuit : To 
Hamburg, at 15 marcs banco per £; thence to Copenhagen, 
at 100 marcs banco for 38 rix-dollars ; thence to Bordeaux, 



* The pupil must carefully observe the rule, and make each conse- 
quent of the tame denomination as the next antecedent. 

17 
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at 3 rix-doUars for 18 firancs; thence to Lisbon^ at 125 
francs for 18 milrees; and thence to New York at 91.25 
per milree. What was the arbitrated value of a dollar by 
this remittance ?* Ans, 3s. 8.897fd. 

8. Amsterdam exchanges with London^ at 34 schillings 
4 pfennings per £y and with Lisbon at 52 pfennings for 
400 reas. What is the arbitrated exchange between Lon- 
don and Lisbon^ by way of Amsterdam ? 

Ans. £l = 3el69j»3. 

9. The exchange between New York and London is W.84 
per pound ; between London and Amsterdam, 35 schillings 
per pound; between Amsterdam and Paris, 58 groats for 
6 francs; between Paris and Venice, 10 francs per ducat; 
and between Venice and Cadiz, 360 maravedis per ducat. 
How many maravedis will be equivalent to $4500, by this 
circuitous remittance ? Ans. 1454260^^ J^ mar. 

10. If 1001b. of Amsterdam are equal to 1051b. of Ant- 
werp, 1001b. of Antwerp to 1421b. of Genoa, 1001b. of 
Genoa to 701b. of Leipsic, and 1001b. of Leipsic to 1041b. 
of America, how many lb. of Amsterdam are equal to 
14911b. of America? -Ans. 1373 1 J lb* 

74. Alligation. 

When it is desired to make a mixture of a given value, 
with a variety of ingredients, the following method is usu- 
ally adopted : — 

1. Having written the values of the ingredients in a perpen- 
dicular column, connect by a line each value that is less 
than the required average with one or more ^at is greater, 
and each value that is greater with one or more that is less. 

2. Write the difference between each value and the average, 

' After finding the number of dollars which are equivalent to JC500, 
the urbitrated' value of f 1 is found by dividing JC500 by that number. 
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opposite the ingredient with which that value is connected, 
and the difference, (or the sum of the differences, if there 
be more than one,) opposite each ingredient, will be the quan- 
tity of that ingredient required. 



Examples roB Illustbation. 

1. How much sugar at 5ct8., 7ct8.^ Sets., lOcts., and 12cts., must 
be mixed together, that the mixture may be worth Qcts. a pound ? 



r 5- 



9. 



12-11 



1+8 
1 

1+8 9-{ 

4 + 2 + 1 
4 + 1 



10 
12 



0^ 



8 
8 
1 
1 
4 + 2 



9- 



r 6- 

7- 
8- 



10- 
12 



1 
8 
8 
4 
2+1 



lit An. 41b. at 5, 1 lb. at 7, 4 lb. I 8d Am. 3 lb. at 5, 31b. at 7, 1 lb. i 3d Am. I lb. at 5, 3 lb. at 7, Sib 
at8,7Ib.atI0,5lb. at 18. I at 8, 1 lb. at 10, 6 lb. at 18. | at 8, 4 lb. at 10^ 3 lb. at 18. 

We may obtain as many answers as there are different ways of 
connecting the numbers above, with those bdow the average. 

To prove the rule correct, let us examine the second of the 
above answers. If we were mixing sugars at 5 and 12ct8. to sell 
the mixture at 9ct8., we should gain 4ct8. on every pound of the 
former, and lose Sets, on every pound of the latter. Then, on 8 lb. 
of the former we should gain 12cts. and on 4 lb. of the latter we 
should lose 12ct8. ; therefore, if we mix these quantities, we shall 
neither gain nor lose by selling the mixture at 9cts. In the same 
way it may be shown that 8 lb. at Tcts. and 2 lb. at 12ct8., 1 lb. 
at Sets, and 1 lb. at lOcts. may be sold at the average of 9cts., 
and the same reasoning will prove the truth of each of the other 
answers. 

2. A farmer wishes to mix 10 bushels of barley at 50cts., 4 bushels 
of oats at 40cts., and 16 bushels of rye at 75ct8. with wheat at 
$1.25, and corn at 90cts. a bushel, so that the mixture may be 
worth $1.00 per bushel. 

We may regard the limited quantities as a single ingredient of 
80 bushela worth 62cts. a bushel. Proceeding in the usual way, 
we find that 26 bushels at 62cts., 25 at 
90cts., and 48 at $1 25, would give us 

a mixture of the desired average value. v 1.25iz — 1 88 + 10 

But as we have 30 bushels at 62ct8., we must take |§ or ^ of 
these proportionate quantities, and we have 80 bushels at OOcts., 
and 57|bu. at $1.25, for the answer. 



.t ( 62 1 25 

B 1.00^ 90—, 25 
.. ll.25izLJ88 + 
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In most questions in Alligation, An infinite number of 
answers may be obtained, but it will readily be perceived 
that the preceding method gives only a few of those answers. 
The following rule is not only more general, but also more 
analjTtical in its character. 

Assume any quantity you please of each ingredient, find 
the cost of the whole, and also the cost of the same quan- 
tity at the mean rate proposed. If the assumed quantities 
cost TOO MTJOH, take such additional quantities of the lower 
priced, or such diminished quantities of the higher priced 
ingredients, as will exactly counterbalance the excess. K 
TOO LITTLE, take such additional quantities of the higher 
priced, or such diminished quantities of the lower priced 
ingredients, as will exactly counterbalance the deficiency. 

Example fob Illusteation. 

In what proportion should I mix sugars at 6ct8., 7ot8.,-8ct8., 
lOcts., and 12ct8., in order that the mixture j^%j be worth 9ct8. 
a pound? 

We may commence by taking any 
quantity we please of each ingredient, 
and finding the cost of the whole. If, 
for example, we take 8 lb. at 5cts., 1 lb. 
at 7ct8., 21b. at 8cts., 41b. at lOcts., and 
51b. at 12ct8., (making 151b. in all,) the 
whole cost will be $1.38. But 151b. at 

9cts. would cost only $1.85, therefore our Excess l08 

estimated quantities give an excess of 3 

cents above the required cost. To balance thi;i excess, we must 
either add some of the sugar that costs less than the arerage price 
proposed, or take out some of that which costs more than the 
average. For every pound that we add at 5 cents, there will be 
a deficiency of 4 cents from the mean rate ; for every pound at 
7cts., a deficiency of 2cts. ; for every pound at 8cts., a deficiency 
of let. Then we may either add f of alb. more at 5cts., or 1 }lb. 
more at 7cts., or 31b. mor^e at 8ct8., or lib. more at 8cts. and 
1 lb. at 7cts., or any other quantity that will make a deficiency 
of Sets. 

If the quantities first assumed had f^iven a deficiency instead of 



81b. 


at 


5cts. 


= 


.15 


lib. 


at 


7cts. 


■ 


.07 


21b. 


at 


8cts. 




.16 


41b. 


at lOcts. 




.40 


51b. 


at 12cts. 




.60 


151b. 




cost 




1.38 


151b. 


at 


9cts. 


: 


1.35 
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aa exeett, we shoiild hare been obliged to take some additional 

quantity of one or more of the ingredients wboee ralue is grwUr 

than the proposed average, or to take out ^ « . - . c^r. 

j» xi. . 1. . » - . 41b. at octs. = .20 

some of the ingredients whose Tame is 3 ik at 7cts = 21 

less than the average. The cost of the 21b. at Sets. «= .16 
quantities assumed in the margin, would 1 lb. at lOets. ^ .10 
be only 91cts., but 12 lb. at 9cte. would 2 lb. at 12ct8. = .24 
cost $1.08. There is, therefore, a defi- 121b. cost .91 
ciency of 17cts., which may be balanced 121b. at 9cts. == 1.08 
by taking enough of the sugar that costs Deflei^iey J7 

more tiian 9cts., to make an excess of 

17cts. Thus, 6 lb. additional at 12cts., and 2 lb. at lOcts., would 
answer the required conditions. The pupil may determine other 
values for himself. 

The following are therefore tome of the answers to the proposed 
question: — (1.) 8f lb. at 5ots., lib. at Tcts., 21b. at 8cts., 41b. at 
lOcts., and 51b. at 12cts. (2.) 81b. at 6cts., 2} lb. at 7cte., 21b. 
at 8cts., 4 lb. at lOcts., and 5 lb. at 12ots. (8.) 8 lb. at 6cts., 1 lb. 
at 7cts., 5 lb. at Sets., 4 lb. at lOcts., and 6 lb. at 12cts. (4.) 8 lb. 
at 6cts., 21b. at 7cts., 81b. at Sets., 41b. at lOcts., 61b. at 12cts. 
(5.) 4 lb. at 5cts., 81b. at 7cts., 21b. at Sets., 81b. at lOcts., 71b. 
at 12cts. 

Let the pupil perform the above examples by taking out lome of 
the quantities oiiginally assumed. 

Examples for the Pupil. 

1. A mixture is made of 24ba. of grain at $1.10 per bu.^ 
28bu. at $.90, and 44ba. at $.60. How must the mixture 
be sold, in order to gain 9^ per bushel?* 

Ans. 91 per bushel. 

2. What 18 the fineness of a composition, consisting of 
31b. 60Z. of gold, 23 carats fine, 41b. 8oz. of 21 carats, 
3 lb. 9oz. of 20 carats, and 21b. 2oz. of alloy? 

Ans. 18 carats. 

3r A grocer mixes 651b. of sugar at 9.08, 301b. at 9.07, 



* The first three examples are not, strictly speaking, examples in 
Alligation, but, in aeoordanee with general custom, they are inserted 
tn this place. See Rem«k at the cloie of Section 68. 
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25 lb. at S.05; and 201b. at 9.06i. How mnst tbe mixtnre 
be sold; in order to gain 25 per cent. ? 

Ans. Sicts. per lb. 

4. In what proportions may I mix teas at GOcts., 70cts.; 
Sl.lO, and $1.20, per pound, so as to gain 12} per cent, 
by selling at $.90 per pound ? ' Ans, 4 lb. at 60 ; 3 lb. 

at 70; lib. at $1.10; 21b. at $1.20. 

5. A com merchant bought wheat at SI .20, at $1.10, at 
$.90, and at $.70 per bushel; but the markets having 
fallen, he is desirous to sell at $.80 per bushel, and is will- 
ing to lose 20 per cent. In what proportions may a mixture 
be made, to answer the conditions of the question ? 

Ans. 3bu. at $1.20,^ Ibu. at $1.10, Ibu. at $.90, 
2bu. at $.70. 

6. A cask contains 50 gallons of acid, worth 70 cents 
per gallon ; how much will it contain after the value of the 
liquor has been reduced to 60 cents per gallon, by pouring 
in water? Am. 58 i gallons. 

7. A silversmith mixes 20oz. of silver, at 5s. 9d. per 
ounce, with two other kinds, at 5s. 6d., and 5s. 3d., and as 
much alloy as reduces the mass to the value of 4s. lOd. 
per ounce. Required the weight of the whole composition. 

Ans. 68j2%oz. 

8. A refiner melts 141b. of gold, 22 carats fine, with 
161b. of 20 carats fine. How much alloy must be added, 
in order to make the composition 18 carats fine ? 

Ans. 4|lb. 

9. A New York merchant shipped 8000 bushels of grain, 
consisting of wheat, barley, and rye, which he sold in Lon- 
don at 7s. 4d. per bushel. The prime cost of the white 
wheat was 6s. 6d., the red wheat 5s. 9d., the barley 3s. 4d., 
and the rye 4s. 3d. per bushel. The port charges and other 

* An infinite number of answers can be obtained to some of the 
temaining examples in this sectioni besides the ones that are given. 
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incidental expenses, amounted to £58 Gs. 8d. ; the freight 
was lOd. per bushel, and he gained 9id. per bushel by the 
transaction. How many bushels of each kind of grain 
would answer the conditions of the question ? 

Ans, 2285^bu. white wheat; 38574bu. red wheat; 
285fbu. barley; ISTl^bu. rye. 

7S. General Averaqe.' 

Whenever any sacrifice of property is made^ or any ex- 
pense necessarily incurred, for the preservation of a ship and 
cargo, the loss is divided among all the parties interested, 
either as owners of the vessel, or of the property on board. 

« Thus, where the goods of a particiilar merchant are thrown 
overboard in a storm, to save the ship from sinking ; or where 
the masts, cables, anchors, or other furniture of the ship are cut 
away or destroyed for the preservation of the whole ; or money 
or goods are given as a composition to pirates to save the rest ; or 
an expense is incurred in reclaiming the ship, or defending a suit 
in a foreign co^irt of admiralty, and obtaining her discharge from 
an unjust capture or detention ; in these and the like cases, where 
any sacrifice is deliberately and voluntarily made, or any expense 
fairly and bond fide incurred, to prevent a total loss, such sacrifice 
or expense is the proper subject of a general contribution, and 
ought to be ratably borne by- the owners of the ship, freight, 
and cargo, so that the loss may fall equally on all, according to 
the equitable maxim of the civil law :— No one ought to br enriched 
by another's loss."** 

The loss is distributed in such cases, by General Aver- 
age. But if any sacrifice is made for the sake of the ship 
only, or of the cargo only, the loss must be borne by the 
parties immediately interested, and is consequently defrayed 
by a* particular average. 

In New York, only } of the value of the freight is con- 
tributory ; in the other United States ports, % of the value 
if) taken. The remainder of the freight is reserved for sea- 
men's wages, because if the seamen were laid under this 

• McCnlloch, Hunt's Mer. Mag. >> Mr. Serjeant Marshall. 
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obligation, they might be tempted to oppose a Bacrifice 
necessary for the general safety. 

When the loss of masts, or ship furniture, is compensated 
by general average, as the new articles are supposed to be 
of more value thsm those that were lost, only } of the value 
is contributed. 



EXABIPLES. 

1. It became necessary, in the Downs, to cut the cable of 
a ship destined for Hull ; the ship afterwards struck on a 
bar, and the captain was compelled to cut away the mast, 
and throw overboard part of the cargo ; in which operation 
another part was injured. The ship, being cleared from the 
sands, was forced to take refuge in Eamsgate harbor, to 
avoid further injury from the storm. Required, from the 
following statement, the proper adjustment of the loss. 



AKOUNT or LOSSES. 

Goods of A., oast over- 
board . . . $2000 



Damage of B.*s goods . 

Freight of A.'8 goods . 

f of new cable, anchor, 
and mast • . 

Pilotage, port-duties, and 
expenses of bringing 
ship off the sands 

Adjusting average 

Postage ... 



800 
400 

800 



700 

16 

4 



OONTEIBUTORT VALUES. 

Goods of A., cast over- 
board . . . $2000 
Sound value of B.'s goods 4000 
Goods of C. . . . 2000 



« 



" D. . 

" E. . 
Value of the ship 
} of freight . 



8000 

20000 

8000 

8200 



Total loss 



. $4720 



Tot contributory values $47200 



Am. The owners of the vessel receive $800 ; C. pays 8200. 

A. receives . . . 81800; D. " «800. 

B. « ... WOO; E. " 82000. 

2. In a storm, goods belonging to A., worth 8500, were 
thrown overboard, and the losses of the owners of the vessel 
amounted to 81500. Adjust the general average, the total 
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value of A.'s goods being $800; B.'s goods^ $1200; 0/i 
goods, «3000; value of the ship, $10000; total freight, 
$1500. Ans. A. receives $400 ; B. pays $150. 

Owners receive $125 ; C. pays $375. 



-—- 



XVI. STATISTICS. 

If A PRODUCT OF MINES IN THE UNITED STATES, ACCORD- 

ING TO THE CENSUS OF 1840.* 



states and Territo- 
ries. 


Irno, 

CsstfcBar. 

Tons. 


Lead. 
Founds. 


Gold. 
Value. 


Other 
Metab. 
Value. 


Coa). 

Tons of 88 

bushels. 


Salt 
Bushels. 


Graoite, 

Marble,ftc. 

Value. 


Maine. .. . . .n. .. 

N. Hampshire.. 
Massachusetts. 
Rhode Island.. 
Connecticut . . . 

Vermont 

New York 

New Jersey . . . 
Pennsylvania.. 

Delaware 

Maryland 

Virginia 

N. Carolina.... 
South Carolina 

Georgia 

Alabama ...... 

MississioDi .... 


6122 

1445 

15336 

4126 

J0118 

7398 

82781 

18285 

185639 

466 

16776 

24697 

1931 

2415 

494 

105 






$1600 

10300 

2500 


'"*'i069 

'" ioob 

1357 


50000 

1200 

376596 

"isoo 


$107506 

16038 

790855 

17800 

313160 

1541480 

35721 

238831 

16000 

22750 

84489 

3350 

3000 

51990 

13700 


1000 


















70500 

84564 

39550 

100200 


670000 




1274709 


2867884 

500 

549478 

1160 

1200 

1745618 

4493 

2250 














28800 

"iooo' 


7929 

379569 

53 


878648 
10000 


$51758 
255618 

37418 
121881 

61230 








845 




Louisiana 

Tennessee 

Kentucky 

Ohio .......... 

Indiana' 

Illinois 

Missouri 

Arkansas 


2766 

25802 

32843 

42702 

830 

158 

296 
















150Q 




498 

23131 

126775 

8614 

152S2 

8904 

196 


* '219695 

297350 

&400 

20000 

13150 

8700 


30100 

19592 

195831 

35021 

74228 

28110 

15500 

2700 

2650 

968 

a^o 






16000 






8755000 
5295455 


200 


* 'iieoo* 


Michigan 

Florioa 


601 
















12000 


Wisconsin 

Iowa 


3 


15129350 
500000 








( 




357 












Total, 










1 





EXAMPLES. 

1. Find the total products embraced in the above table. 

2. Estimating the average value of the iron at $22 per 
ton, lead at 4} cents per lb., coal at $3.75 per ton, and salt 
at $.40 per bushel, what was the entire value of the abov^ 
products ? 

& Tucker's Progress. 
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TABLE OF THE AGRICULTURAL PRODUCTS OP THE 
UNITED STATES, ACCORDING TO THE CENSUS OP 

1840.a 



SUtM mnd Territo- 


Busbeliof 


Butbeltof 


Bushels or 


Bushels of 


Bushels of 


Bushel* of 


Bushels of 


riw. 


Wheat. 


Barley. 


Oati. 


Rye. 
137941 


Buckwheat 


Ind. Corn. 


Potatoes. 


Maine »^ 


84^166 


355161 


1076409 


51543 


950528 10392280 1 


N.Hampshire.. 


422121 


121899 


1296114 


306148 


105103 


1162572 


6206606 


Massnchusetts 


157923 


165319 


1319680 


536014 


87000 


1809192 


5385652 


Rhode Island.. 


3006 


66490 


171517 


34521 


2979 


450498 


911973 


Connecticut. .• 


87000 


33759 


1453262 


737424 


303043 


1500441 


3414236 


Vermont 


495800 


51781 


2222584 


230993 


228416 


1119678 


8869751 


New York — 


12296418 


2520068 


20675847 


2979323 


2287885 10972286 30123614 1 


New Jersey. . . 


774203 


12501 


3083524 


1665820 


856117 


4361975 


2073069 


Pennsylvania. . 


13213077 


209893 


20641819 


6613873 


2113742 


14240022 


9535663 


Delaware 


315165 


5260 


927405 


33546 


11299 


2099359 


200712 


Maryland 


3345783 


3594 


3531211 


723577 


73606 


8233066 


1036438 


Virffinia 

N. Carolina. .. 


10109716 


87430 


13451062 


1482799 


243822 34577591 


2944660 


1960855 


3574 


3193941 


213971 


15391123893763 


2609239 


S. Carolina — 


968354 


3967 


1488208 


44738 


72 14722805 


269^13 


Georgia ....... 


1801830 


12979 


1610030 


60693 


141 20905122 


1291366 


Alabama 


82&052 


7692 


1406353 


51006 


58!2091700l 


1706356 


Mississippi.. .. 


196626 


1654 


668624 


11444 


61 13161237 


1630100 


Louisiana 


60 




107353 


1812 




5952912 


891341 


Tennessee....^ 


4569692 


4809 


7035678 


301320 


iiiis 44986188 


1904370 


Kentucky 


4803152 


17491 


7155974 


1321373 


8169 39647120 


1055065 


Ohio 


16571661 
4049375 


212440 
28015 


14393103 
5981605 


814205 
129621 


633139 33668144 
490I9|28155887 


5805021 
1525794 


Indiana 


Illinois 


3335393 


82251 


4988008 


88197 


57884 !2-26.'M211 


2025520 


Missouri 


1037386 


9801 


2234947 


68606 


15318 17332524 


783768 


Arkansas 


105878 


760 


189558 


6219 


88 


4846632 


203606 


Michigan.. .... 

Florida 


2157108 


127802 


2114051 


34236 


113592 


2277039 


2109205 


412 


30 


13829 


305 


«•■• ••■• 


898974 


204617 


Wisconsin 


212116 


11062 


406514 


1965 


10654 


379359 


419606 


Iowa ., 


154693 


728 


216385 


3792 


6212 


1406241 


234063 


Dist. of Col 


12147 


204 


15751 


5061 


272 


39485 


12035 


Total 








! 




- 





EXAMPLES. 

1. Find the total products of each article embraced in the 
above table. 

2. Find the value of the entire product of the wheat^ at 
$1.10 per bushel ; of the barley^ at $.65 per bu. ; of the 
oats, at $.40 per bu. ; of the rye, at $.70 per bu. ; of the 
buckwheat, at $.76 per bu.; of the com, at $.80 per bu.; 
of the potatoes, at $.37 i per bu. 

3. What percentage of the entire wheat harvest was 
produced in 1840, by the four principal wheat-growing 

States ? 



'Tucker's Progress. 
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7 8. TABLE OF AGRICULTURAL PRODUCTS.— CowTiiiirBD.* 



Stele., ftc ^S: 


Tobacco. Rice. 
Pounds. Pounds. 


Cotton. 
Pounds. 


Wool. 
Founds. 


8ug»r. 
Pounds. 


Daily 
Products. 


Maine 

N.Hamp.... 

Mass 

R. Island... 
Connecticut 
Vermont.... 
New York . 
New Jersey 
Pennsylv''a. 
Delaware .. 
Maryland... 
Virginia... . 
N. Carolina 
S. Carolina. 

Georgia 

Alabama.... 
Mississippi . 
Louisiana... 
Tennessee.. 
Kentucky... 

Ohio 

Indiana... .. 

Illinois 

Missouri . . . 
Arkansas. . 
Michigan. ... 

Florida 

Wisconsin.. 

Iowa 

Dist. of Col. 


691358 

496107 

569395 

63449 

426704 

838739 

3127047 

334861 

1311643 

22483 

1066874 

364706* 

101369 

24618 

169691 

12718 

171 

24651 

31233 

88306 

1022037 

178029 

164932 

49083 

586 

130805 

1197 

30938 

17953 

1331 


30 

115 

64955 

317 

471657 

dfVi 

744 

1922 

325018 

272 

24816012 

75047106 

16772359 

51519 

162804 

273302 

83471 

119621 

29550432 

53436909 

5ftl2275 

1820306 

564326 

0067913 

148439 

1602 

75274 

115 

8076 

55550 




.... .-• .-« • 


1465551 

1260517 

941906 

183830 

889870 

3699235 

9845295 

397207 

3048564 

64404 

488201 

2538374 

625ai4 

299170 

371303 

220353 

175196 

49283 

1060332 

1786847 

3685315 

1237919 

650007 

562265 

64M3 

153375 

7285 

6777 

23039 

707 


257464 

1162368 

579227 

50 

51764 

4647931 

10048109 

56 

2265755 


91496902 

1638543 

2373299 

223229 

1376534 

2008737 

iai9002l 

1328032 

. 3187292 

113828 

457466 

148ai88 

674349 

577810 

605172 

265200 

359585 

153069 

472141 

931363 

1848869 

742269 

428175 

100432 

59205 

301052 

23094 

35677 

23609 

5566 


























• 




* *2956 

2820388 

60590661 

12384732 

149019 

777195 

36(K4531 

7977 

16376 


334 

5673 

3494483 

51926190 

61710274 

163392396 

117138823 

193401577 

152555368 

27701277 

691456 


36266 

1541833 

7163 

30000 

329744 

10143 

77 

119947720 

258073 

1377835 

6363386 

3727795 

399813 

274853 

1542 

1329784 

275317 

135288 

41450 


460 

50 
5454 


180 

900947 

121122 

6028642 


481420 


12110533 
















Total 

















EXAMPLES. 

1. Which of the States yielded the heaviest product of 
each of the foregoing articles, and what percentage of the 
entire product of each article^ was the heaviest product ? 

2. Find the average amount yielded by each of the pro- 
ducing StateS; of each article. 

3. Find the total product of each article, and the value 
of the cotton, at 12 J cents per pound. 

4. Find what percentage of each of the foregoing articles 
was produced by the New England States ; by the Middle 
States; by the Southern States; by the South-western 
States ; by the North-western States. 



s Tucker's Progress. 



m 



STATISTICS. 



[ABT. XVI. 



^Q TABLE OF OCCUPATIONS IN THE UNITED STATES, 
" ACCORDING TO THE CENSUS OF 1840.* 



states and Territo- 
net. 


Mining. 


Agrital- 
lure. 


Com- 
merce. 


Manu- 
dctantm 


Ocean 
Navif. 


Interna] 
Navig. 


Learned 
Profeauoiu. 


ToUI. 


Maine 

N. Hampshire.. 

Vermont 

Massachusetts. 
Rhode Island.. 
Connecticut.... 

N. Eng. States 


36 
13 
77 

400 
35 

151 


101630 
77040 
73150 
87837 
16617 
56055 


2021 
1370 
1303 
8063 
1348 
2743 


21870 
17826 
13174 
85176 
21271 
27032 


10001 

452 

41 

27153 

1717 

2700 


530 
106 
146 
372 
228 
431 


1889 
1640 
1563 
3804 
457 
1607 














- 




675082 
















New York 

New Jersey... . 
Pennsylvania.. 

Delaware 

Mar>'land 

Dist. of Col.... 

Middle States.. 


1806 
266 

4603 

5 

320 


455054 
56701 

207533 

16015 

72046 

384 


28468 

2283 

15338 

467 

3281 

240 


173103 

27004 

105883 

4060 

21520 

2278 


5511 

U43 

1815 

401 

717 

126 


10167 

1625 

3051 

236 

1528 

80 


14111 
1627 
6706 

100 
1666 

203 


















1251560 


















Virginia 

N. Carolina.. ..i 
South Carolina, 

Georgia ^ 

Florida 

South. States.. 


1005 

580 

' 51 

574 

1 


318771 
217005 
106363 
200383 
12117 


6361 
1734 
1058 
2428 
481 


54147 

14322 

10325 

7064 

1177 


582 
327 
381 
262 
435 


2952 
370 
348 
352 

118 


3866 
1086 
1481 
1250 
204 


















1073870 


















Alabama 

Mississippi.. .. 
Louisiana...... 

Ai4cansas 

Tennessee 

Southw. States 


06 

14 

1 

41 

103 


177430 

130724 

70280 

26355 

227730 


2212 
1303 
8540 
215 
2217 


7105 
4151 
7565 
1173 
17815 


256 

33 

1322 

3 

55 


758 
100 
662 
30 
302 


1514 
1506 
1018 
301 
2042 


















713107 
















Missouri »« 

Kentucky 

Ohio 


742 
331 
7M 
233 

782 

40 

704 

217 


02406 
107738 
272570 
148806 
105337 

56521 
7047 

10460 


2522 

3448 

0201 

3076 

2506 

728 

470 

355 


11100 

23217 

66265 

20500 

13185 

6800 

1814 

1020 


30 
44 
212 
80 
63 
24 
14 
13 


1885 
068 

3323 
627 
310 
166 
200 
78 


1460 

2487 

5663 

2257 

2021 

904 

250 

365 




Indiana 

Illinois 

Michigan 

Wisconsin .... 
Iowa 


Northw .States 
















1065212 
















Total 


15211 


3710051 


117607 


701740 


56021 


33076 


65256 1 



EXAMPLES. 

1. Fill all the blanks in the above table. 

2. Find the average number employed in each oocupa- 
tion^ in each of the New England States; in each of the 
Middle States ; in each of the Southern States ; in each of 
the South-western States; in each of the North-western 
States ; in the entire Union, 



a Tacker't ProgreM. 
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fiA TABLE SHOWING THE STATE OF EDUCATION IN THE 
• UNITED STATES, AND THE NUMBER OF WHITE PER- 
SONS OVER ao YEARS OF AGE WHO COULD NOT READ 
OR WRITE, ACCORDING TO THE CENSUS OF 1840.« 



StatM and Territoriei. 



••• •-• ■ ■ 



Maine 

New Hampshire. . . . 

Vermont 

Massachusetts 
Rhode Island. 
Connecticut . 



New England States 



New York 

New Jersejr 

Pennsylvania - • 

Delaware 

Maryland 

District of Columbia 



Middle States 



Virgrinia 

North Carolina. 
South Carolina . 

Georji^ia 

Florida 



Southern States . . .> 



si 



4 

3 
3 
4 
3 
4 



12 
3 

20 
1 

12 
2 



13 
2 
1 

11 



Alabama 

Mississippi ...... 

Louisiana 

Arkansas.. .-».-. .. 
Tennessee 



Sonth-west'n States 



Missouri 1 . 
Kentucky . 

Ohio 

Indiana ... 

Illinois 

Michigan . 
Wisconsin 
Iowa 



North- west'n States 



Total 



2 

7 
12 



8 



6 
10 
18 
4 
5 
5 



8 
1 

CO 



266 
433 
283 
769 
324 
832 



1285 
443 

2034 

23 

813 

224 



1097 
158 
168 
622 



152 
454 
969 



492 



495 
1419 
1717 
322 
311 
158 






86 
68 
46 

S51 
52 

127 



505 
66 

290 
20 

133 
26 



382 
141 
117 
176 

18 



114 

71 

52 

8 

152 



47 

116 

73 

54 

42 

12 

3 

1 



8477 
5709 
4113 
16746 
3664 
4865 



34715 
3027 

15970 

764 

4280 

1380 



11063 
4308 
4326 

7878 
732 



5018 
2553 
1995 
300 
5539 



1926 

4906 

4310 

2946 

1967 

485 

65 

25 



3385 
2127 
2402 
3362 
4at 
1619 



10593 

1207 

4978 

152 

565 

29 



1561 

632 

566 

601 

51 



639 
382 
179 
113 
963 



612 

952 

5186 

1521 

1241 

975 

77 

63 



164477 
83632 
82817 

160257 
17355 
65730 



502367 

52583 

179989 

6924 

16851 

851 



35331 
14937 
12520 
15561 
925 



16213 
8236 
3573 
2614 

25090 



16788 

24641 

218609 

48189 

34876 

29701 

1937 

1500 




60212 
7715 
14701 
158351 
10749 
10912 



27075 
7128 

73908 

1571 

6624 

482 



9791 

121 

3524 

1333 

14 



3213 

107 

1190 



6907 



526 

429 

51812 

6929 

1683 

098 

315 



32(1 

943 

2276 

4448 

1614 

526 



44452 
6385 

33940 
4832 

11817 
1033 



58787 
56609 
20615 
30717 
1303 



22592 
8360 
4861 
6567 

58531 



19457 

40018 

35394 

38100 

27503 

2173 

1701 

1118 



EXAMPLE. 

1. Fill the blanks in the above table, and find the per- 
centage of the entire population** embraced in each class, in 
each section of the Union. 



s Tack«r'f Progress. 



b Bee Table of Population, page 36. 
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fi I SUMMARY OF THE ANNUAL PRODUCTS OF INDUSTRY 
IN THE SEVERAL STATES, AS ESTIMATED IN THE 
CENSUS OF 1840.* 



SUtnani 
Terriioriet. 


VALUB or Jl^NVAJm PKODUCTS F£0M 1 


Agriculture. 


Muiufiic* 
tares. 




Mining. 


Fortft 


Fisheries. 


Totil. 


Maine. .. 
N.Hamp 
Vermont 
Mass. . . . 
R. Island 
Connec't 

N.E. S. 


91585G270 
11377752 
17879155 
16065627 
2108300 
11371776 


$5615303 
6545811 
5685425 

43518057 
86406-26 

12778963 


91505380 
1001533 
758899 
7004691 
1294956 
1963281 


9327376 

88373 

389488 

2020572 
162410 
820410 


$1877663 
449661 
430224 
377354 
44610 
181575 


$1280713 
92811 




6483996 
659312 
907723 


74740889 












187657294 








504P781 
361326 

1203578 

13119 

241194 




N.York.. 
N.Jersey 
Ponns'a.. 
Delaw'e. 
Maryland 
D. of Col. 

Middle S. 


108275281 

16209853 

68180924 

3196440 

17586720 

176942 


47454514 

10696257 

33354279 

1538879 

6212677 

904526 


24311715 

1206929 

10593368 

266257 

3499087 

802725 


7408070 

1073921 

17666146 

54555 

1056210 


1316072 
124140 

35360 
181285 
225773 

87400 


















390558303 














Virginia . 
NOaro'a 
S. Caro'a 
Georgia.. 
Florida.. 

S. States 


59085821 
26975831 
21553691 
31468271 
1834237 


8349218 
2053697 
2248915 
1953950 
431544 


5299451 
1322284 
2632421 

2248488 
464637 


3321629 

372486 

187608 

191631 

2700 


617760 

1446106 

549626 

117439 

27350 


95173 

251792 

1275 

58'1 

213219 
















175321836 


* 












Alabama 

Mississ'i 

Louisi'a. 

Arkans's. 

TennesB.. 

s. w. s 


24696513 
26494565 
22851375 
5086757 
31660180 


1732770 
1585790 
4087655 
1145309 
2477193 


2273267 
1453686 
7868898 
420635 
2239478 


81310 

"165280 

18225 

1371331 


177465 
205297 
71751 
217469 
225179 


























138G07378 








2349245 

2580575 

8050316 

1866155 

1493425 

622822 

189957 

136525 


. 






Missouri. 
Kentucky. 

Ohio 

Indiana.. 
Illinois .. 
Michigan 
Wiscon. 
Iowa . . . 

NWS. 


10464263 

29226545 

37802001 

17*17743 

13701466 

4502889 

568105 

769295 


2360708 

5092353 

14588091 

3676705 

3243981 

1376249 

304692 

179087 


187669 

1539919 

2442682 

660836 

293272 

56790 

384603 

13250 


448559 

184799 

1013063 

80000 

2498-11 

467540 

430580 

63949 








10525 
1192 




27663 






- 










170060025, 


















Total 










1063134rJ6; 













EXAMPLE. 

1. Fill all the blanks in the above table, and find what 
per centage of the total products was derived from each 
source. Find also the proportion to each inhabitant of the 
total products of industry in each State. 

a Tucker's Progress. 
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XVII. PERMUTATION AND COMBINATION. 

8SB. Peemutation. 

Permutation shows the number of changes that can be 
made in the order of a given number of things. 

PROBLEM I. 

To find the number of changes that can be made of any 
given number of things^ all different from each other. 

How many changes may be made in the position of 4 persons 
at table ? 

If there were but two persons, a and h, thej could sit in but 
two positions, ah and ha. If there were three, the third could sit 
at the head, in the middle, or at the foot, in each of the two 
changes, and there could then belx^x^^^ changes. If there 
were 4, the fourth could sit as. the 1st, 2d, 8d, or 4th, in each of 
these 6 changes, and there would then be 1x^x3x^=^2^ 
changes. 

RULE. 

Multiply together the series of numbers 1» 2, 8, &c., up to the 
given number, and the product will be the number sought. 

1. How many variations may be made in the order of 
the 9 digits ? Am. 362880. 

2. How many changes may be made in the position of 
the letters of the alphabet ? 

Am. 408291461126605635584000000. 

3. How long a time will be required for 8 persons to seat 
themselves at table in every possible order, if they eat 3 
meals a day ? 

PROBLEM II. 

Any number of different things being given, to find how 
many changes can be made out of them by taking a given 
number of the things at a time. 

If we have five things, each -one of the 5 may be placed before 
each of the others, and we thus have 5x4 permutations of 2 out 

I ^ s : ', ■ * ; ' T V' 
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of 5. If we ta^e 8 at a tiine, the third thing may be placed ag 
Ist, 2d, and 8d, in each of these permutations, and we haye 
5x^X8 permutations of 3 out of 5. For a similar reason we 
have 6x^X^X2 permutations of 4 out of 6, &c. 

RULE. 

Take a series of numbers, commencing with the number of 
things given, and decreasing by 1, until the number of terms is 
equal to the number of things to be taken at a time. The product 
^ all the terms will be the answer required. 

4. How man^ changes can be rung with 8 bells^ taking 
5 at a time ? Ans, 6720. 

5. How many numbers of 4 different figures each, can 
be expressed by the 9 digits ? 

6. In how many different ways may 10 letters of the 
alphabet be arranged ? Ans, 19275223968000. 

PROBLEM III. 

To find the number of permutations in any given number 
of things, among which there are several of a kind. 

How many permutations can be made of the letters ' in the 
word terrier i 

If the letters were all different, the permutations, according to 
Problem I., would be IxSxSx^X^XSx 7 = 6040. But 
the permutations of the three r's would, if they were all different, 
be 1 X 2 X 3, which could be combined with each of the other 
changes ; the number must therefore be divided by 1 X 2 X 3. 
For the same reason, it must also be divided by 1x2, 
on account of the 2 e's. Then the true number sought is 
1x2x3x4x6x6x7 



1X2 x3xlX2 



= 420. 



RULE. 



Take the natural series, from 1 up to the number of things of 
the first kind, and the same series up to the number of things of 
each succeeding kind, and form the continued product of all the 
series. 

By the continued product, difide the number of permutations 
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of which the giy^n things would be capable, if thej weve ill 
different, and, the quotient will be the number sought. 

7. How many changes can be made in the ordtr qi the 
letters^ in the word Philadelphia ? Am, 14968800. 

8. How many different numbers can be made^ that will 
employ all the figures in the number 119089907343 ? 

^. How many permutatioBS can be i^iade with the letters 
in the word Cincinnati ? Ans. 201600. 

83. Combination. 

Combination shows in how many ways a less number 
of things may be chosen from a greater. 

If we haye. ten articles, each may be combined with eyery one 

of the nine remaining ones, and therefore we may have 10 x ^ 

permutations of 2 out of 10. But each combination will eyidently 

be repeated ; thus, we haye ab and~ 5a, ac and ca, &c. Therefore, 

10 V 9 
the number of combinations will be . . ^ . 

2 

If now we add an eleyenth article, each of the eUyen may be 

joined to each of the combinations of the remaining ten, and m 

11 y 10 V 9 
shall have — O^ — ^A— permutatiotta. But each combination will 

1 X -^ 

be three times repeated ; thus we shall haye abCf bac, and cab ; 

abd, bad, and ddbf &c. The number of combinations of 8 out of 

11 V 10 V 9 
11 will therefore be , ^ ^ ^. ■ Hence we obtain the foUowine 

1X2X8 * 

BULE. 

Write for a numerator the descending series, commencing with 
the number from which the combinations are to be made, and for 
a denominator the ascending series, commencing with 1, giyihg to 
each series as many terms as are equiyalent to the number in one 
combination. 

Cancel the like factors in the numerator and denominator, and 
diyide. 

10. How many combinations of 4 letters, can be mdde 
from the alphabet ? Ans. 14950. 

18 
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11. How many oombinatioiis of 7 can be made from 18 
apples? An$. 31824. 

12."^ How many ranks of 10 men^ may be made in a com- 
pany of 80 f 

13. How many locks of different wards^ may be unlocked 
with a key of 6 wards ? [Find the number of combina- 
tions of 1; 2y S, iy 5; and 6 in 6^ and the sum of all the 
combinations will be the number required.] > , Ans. 63. 
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XVni- INVOLUTION AND EVOLUTION. 

84. Involution. 

Inyolution is the repeated multiplication of a number 
by itself. 

The product obtained by Involution is called a power. 
The root is the number involved, or the first power. Jf 
the root be multiplied by itself, or employed twice as a 
factor, the product is the second power. If the root is 
employed three times as a factor, it is raised to the 3d power; 
if 5 times, to the 5th power, &c. Thus, 2 is the 1st power of 
2ot2\ 2 X 2 or 4, is the 2d power of 2, or 2*. 2x2x2 
or 8, is the 3d power of 2, or 2». 2x2x2x2x2 or 32, 
is the 5th power of 2, or 2*. The power is usually denoted 
by a small figure over the right of the root, called the eapo* 
nentf or index. When there is no exponent, the number is 
regarded as the 1st power. 

The second power is often called the square, because 
the number of square feet in any square surface, is obtained 
by multiplying the number of feet in one side by itself. 

The third power is often called the cube, because the 
number of cubic feet in any cubical block, may be obtained 
by raising the number of feet in one side to the 3d power. 
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The 4th power is flometimes called the bi-qnadrate^ or the 
square squared; the 5th j>owery the first surgolid; th^ 6th 
power, the square cnbed, or the cube squared; the 7th power, 
the second sursolid ; the 8th power, the bi-quadrate squared; 
the 9th power, the cube cubed ; the 10th power, tibe Ist 
sursoUd squared, &c. 

If the exponents of any two powers of the same number 
be added, we shall obtain the exponent of their product. 
Thus 6«x6* = 6x6x6x6x6x6x6x6 = 6»;4«X 
4' = 4x4x4x 4x4 = 4*. 

In any two powers of the same number, if we sub- 
tract the smaller exponent from the larger, we shall ob- 
tain the exponent of their quotient. Thus 6' -r- 6* = 

6x6x6x6x6x6x6x6 -.8x6x6 = 6» 
6x 6x6x 6x6 

We may represent any power of a number by multiplying 
its exponent. Thus, the 7th power of 5 is 5^ ; the 3d power 
of 2» is 2«, because 2* X 2« X 2» = 2*. These properties 
form the basis of the system of Logarithms. 

1, What is the 2d power of 6 ? the 8d power? 

2. Find the value of .9*; 12»; (J)*; 2». 

8. Find the value of 16*; 1.6*; .16*; (}i)». 
4. What is the square of 13.68 ? of 9§ ? 
6. What is the difference between 3* and 4* ? 

6. What IS the value of 1"; 3'; 2» X 2«? 

7. What power of 9 is equivalent to 9» X 9»; 9« X 9*; 
9*x9«; 9x9^x9»? 

8. Multiply 127* by 127^ and divide the product by 
127"*. 

9. Divide 31* by 31»; 17" by 17*; 42' by 42*. 

10. What is the sixth power of 4^ f 
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11. Wlttt is the dth power of 5« ? the 12th power of 18^? 
the 24th power of 17'? 

8ff. Evolution. 

Evolution i« the process by which we discover the root 
of any given power. Thus, 3 is the 2d root of 9, the 3d root 
of 27, the 6th rpot of 243, Wause 9 = 3«; 27 = 3»,- 243 
= 3*. So the 2d or square root of 49 is 7 ; the 3d or cube 
root of 125 is 5 j the 4th root of 16 is 2 ; the 5th root of 
1024 is 4, &c. We may denote a root by a radical sign^ 
or by 2i fractional ea^ponerU, 

The radial sign is >/ y and when employed by itself 
denbtes the square root If we widh to denote the 3d, 5th, 
7th, &c. root, the index of the root is written above the 
radical sign, thus, V > V } &c. In fractional expo- 
nents, the numerator expresses the power of the number, 

and the denominator expresses the root. Thus, (27)^ = 

V27; (16)^= V16»; (32)^= V32*, &c.^ 

The product, or the quotient, of two second, third, or 
other roots, is the 2d, 3d, &o., root of the product or quo- 
tient. Thus, V27 X Vi25 = V27xl25or ^3375. For 
27 = 3« = 3x3x3,andl25 = 5x5x5. Then27xl25 
= 3x3x3x5x5x5 = 3 X5x3x5x8x 5=15«. 
Therefore ^27 X 125 = 15. In a similar manner it may 
be shown that V2575-r Vl25 = 4/277 

The power of any root may be obtwned by multiplying 

the fractional exponent. Thus, the 4th power of 27^= 

27i For by the last proposition, ^27" X V27' X 4^27" 

X y 27* = y27« = 27^ 

The root of any power or root may be obtained by di- 
viding the exponent by the index of the desired root. Thus, 

^"1 1-1-3 1 

y3» =n 3^ ^ = 3^y 
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This is the conyerse of the last proposition. For if the 

3d power of 3i^ is 3^^, or 3*, the 3d root of 8* must be 
3tV 

If the numerator and denominator of fractional indices 
be multiplied or divided by the same number, the value of 

the quantity is not altered. Thus, 3^ -= 3^^ -- 311, fQ,. 
the multiplication of the numerator involves the number to 
& certain power, and the multiplication of the denominator 
extracts the corresponding root. Then the 3d root of the 
Sd power, the 5th root of the 5th power, &c., is the 1st 
power. 

We may multiply or divide any two roots of the same 
number, by adding or subtracting the fractional exponents. 

Thus, V2"x v^2-2^'^^ = 2^; ^1 - V5 = 5^""i = 

1 _ 

5^^. For by the last proposition we have -5^2 X v'2 = 

V2*'x V2^, which is equivalent to V2^ or 2^ Also ^75 

-^ V5 = ij^"5* -r ^4^"53 = ^"5 or 5^3. 

When the exact root of a number can be obtained, it is 
called a rational number. An irrational number, or surd, 
is one whose exact root cannot be obtained. Thus, \/16y 
V2T, \764; -ySl, are rational numbers, equivalent to 4, 3, 

4, 3, respectively. But V3^ V 19, VT67are all surds, mi 
their roots can only be obtained approximately. 

A number which has a rational root, is called a perfect 
power. Thus, 16 is a perfect 2d power, and a perfect 4th 
power, but an imperfect power of any other degree. But 

5, 7, 12, &c., are imperfect powers of any degree. 

1. What is the square root of 9 ? the cube root of 8 ? 

2. What is the 4th root of 81 ? the 5th root of 32 f 

3. What is the value of VTj 25^ ; V64 ; 64^» ? 
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4. What is the product of i/S by Vl2 ; of V9 by 7^? 

5. Multiply Vrby V3] 7^ by ^7; 4^ by ^4^ 

6. Divide 6* by 6^; 4^ by 4^5; 17« by Vlf. 

7. Find the 4th power of ^/9 ; the 6th power of 8^. 

8. What is the cube root of 7*; the 6th root of 11^ ? 

86. Boots of all Powees.' 

When the exponent of a power can be resolved into two 
or more factors, by successively extracting the roots de- 
noted by those factors, we may obtain the root desired. Thus, 
as 12 = 3 X 2 X 2, the cube root of the square root of the 
square root of a number, is equal to the 12th root. So the 
square root of the square root is the 4th root; the cube root 
of the cube root is the 9th root; the cube root of the square 
root is the 6th root, &c. 

The following rule will, however, be generally found more 
convenient for determining the roots of all powers greater 
than the cube. 

— ^^— — ■! ■ ■ I I ^^— — ^M^»i^— ^M I ■■■! ■ —^■^—^■^—■1 ' I 111 ■■■■^^■■l III ■■■! I ■— ' iM 

■ It docs not seem necessary to give the ordinary rules for the ex- 
traction of the square and cube roots, as the pupil is supposed to be 
akeady familiar with them. But the following formulas will probably . 
be found useful, in explaining the usual method of finding the trial and 
complete divisors. 
The square of any number consisting of tens and units = 

The square of the tens + 
(2 X the tens 4- the units) X the units. 
The cube of any number consisting of tens and units == 
The cube of the tens -h 

{3 X the square of the tens -f- \ 
3 X the tens X the units + j" X the units, 
the square of the units. J 

The entire portion of the root which has been found, at any step, 
may be considered as the tens, and the next root figure will then rep- 
resent the units. 
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OENEBAL RITLE. 

At the lefi|i of the number whose root is required, arrange 
as many columns as are equal to the index of the root, 
-writing 1 at the head of the first or left; hand column, and 
zero at the head of each of the others. 

Divide the number into periods of as many figures as the 
index of the root requires. Write the root of the left hand 
period as the first figure of the true root. 

Multiply the number in the first column by the root fig- 
ure, and add the product to the second column; add the 
product of this sum by the root figure to the third column, 
and so proceed, svhtracting the product of the last column 
from the given number. 

Eepeat this process, stopping at the last column, and thus 
proceed, stopping one column sooner each time, until the 
last sum falls in the second column. 

To determine the second root figure, consider the number 
in the last column as a trial divisor, and proceed with 
the second root figure thus obtained,^ precisely as with the 
first. 

Continue the operation until the root is coihpleted, or ^e 
approximation carried as &r as is desired. 

In order to avoid error, observe carefully the value of 
each root figure and each product. Thus, if the first root 
figure is hundreds, the number in the second column will be 
hundreds, — ^in the third, ten thousands, — in the fourth, 
millions, &c. 

EXAMPLBS 70B IlLUSTBATION. 

1. What is the third root of 205692449827 ? 

* If the root figure thus found proves too large, erase it and try a 
•mailer number. 
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(1) 





6 thoufl. 




26 mm. 


206692449827(6908 
126 bm. 


6 

5 


26 e. d. 
60 


806,92 
80870 mm. 


10 
5 


(1) 76 t. d. 

1481 ten thons. 


8184,49827 
818449827 un. 


169 hnn. 
9 


8981 c. d. 
1612 




168 
9 


(2) 10448 t. d. 

68109 nn. 




17708 nn. 


104488109 c. d. 





(2) 

The complete divisors are marked c. d., the trial diyisors, t. d. 
The figures at which the new additions commence are marked 
(1), (2). The partial diyidends by which each root figure is de- 
termined, are distingoiBhed by a comma. They always terminate 
with the first figure of the period that is annexed. The abbre- 
Tiations, thous., mm., &c., show the yalue of the figures against 
which they are placed. 

2. Extract the 6th root of 868688232.66882. 



1 
Oteas. 

6 
6 

IT 


li" 
a 

"iT 

6 
(l)30iiu. 

1 

"3(5 

1 

Ira 
1 

IS 
1 




as hand. 

72 

loe 

106 

216 
144 

(i)lio" 

301 on 



. 

810 tiumn. 

iS" 

648 
1200 



858533232.90832(61^ 

1206 ten thou. 7776 hand, thoaa. 



1206 c.d. 
5184 

(1) 6480 1. d. 
2106301 an. 



8003,3232 
66006301 



130360315,6832 
1303003156832 



(1)2160 

36301 on. 



66006301 c.d. 
2232004 



36301 
302 

36603 
303 

36006 
304 



9106301 
36603 

2232004 
36006 



(S) 08229205 td. 

4554528410 ten thons. 



000840578410 c. d. 



(2) 2200810 

7454206 thOQfc 



8277904208 



(2)37210 

0104 hand. 



(2) 3062 tenths 3727104 

The additions to the left hand column may be made mentally, 
and thus shorten the labor. There are other abbrcTiations, for 
which the student is referred to the Chapter on Approximations. 
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The first root figure in each of the foUowing examples may be 
foond by the table of Powers and Boots. 

1. Extract the square root of 350026681. 

2. Extract the square root of 8 ; 5 ; 6.5. 

3. Extract the cube root of 2924207. 

4. Extract the cube root of 13 ; 12.5. 

5. Extract the fifth root of 65.7748550151. 

6. Extract the 7th root of 1.246688292853624506368. 

87. Application of the Square Root. 

The areas of any similar figures are proportioned to the 
squares of their like dimensions. 

The area of any circle is equal to the square of its di- 
ameter multiplied by .7854. 

The circumference of a circle is equal to its diameter 
multiplied by 3.1416.' 

The area of f^ triangle is equal to the base multiplied by 
half the height. 

In any right-angled triangle^ the square of the longest 
side is equal to the sum of the squares of the other two 
sides. 

The distance through which bodies fall^ when faUing 
freely, are as the squares of the times. In a yacuiun, a 
body would fall l^jjif^* in 1 second. Then we have the 
proportion; letting n represent any number of seconds^ 

sec, sec, ^fi, ft, 

(Vf : 71* : : 16 j\j : distance in n seconds. 

Any three terms of this proportion being given, the 
fourth may be readily found. But it should be remarked^ 
that in consequence of the resistance of the air^ the space 

« The mora exact ratio is, 3.14159265358979323846264338328. 
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actually fallen through ia somewhtLt less than that given hy 
the formula. 

> Jf h represents the hase of a right-angled triangle, p 
the perpendicular, and h the hypothenuse, h = ^jo)*+ 6*; 

The square root of the area of any surface will give the 
side of a square, equal in area to the given surface. 

EXAMPXiES. 

1. What is the diameter of a circle that is 16 times as 
large as one whose diameter is 13 feet ? Ans. 62ft. 

2. The area of a circle is 7632 feet ; what is the diame- 
ter? Ans, 98.5ffc. 

8. A horse is fastened to a post in the centre of a field. 
What is the length of a |x>pe that will allow him to graze 
an acre ? Ans. 7.136 rods. 

4. A ladder 75 feet long, rests against the trunk of a tree 
at a point 60 feet from the ground. How far is the foot of 
the ladder from the root of the tree ? Ans, 55.9ft. 

6. The length of a room is 18 feet, and the . width 12 
feet. What is the distance bejtween the opposite comers ? 
What length of rope would reach from an upper comer to 
the opposite lower comer, the height being 10 feet ? 

Ans. 21.6ft.; 23.832ft. 

6. The circumference of a circle is 29 rods. What is 
the side of a square having an equal area ? 

Ans. 8.18 rods. 

7. Two ships left the same port; one sailed 125 miles 
north, the other 100 miles east. How far were they then 
apart? Ans. 160m. 24.96r. 

8. A kite accidentally lodged in the top of a tree, but 
the line breaking, I measure its length, which is 210 feet. 
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What is the height of the tree, the foot being 189 feet 
from my standing place f Ans. 91.53ft. 

9. Desiring to know the height of a precipice, I drop a 
dtone from the summit; and observe by my watch that it 
strikes the ground in 3} seconds. What is the heightf ' 

Ans. 197.02ft. 

10. A bag of sand is dropped from a balloon li miles 
above the surface of the' earth. How long will it be in 
falling?* Ans. 20.25sec. 

When one number bears the same ratio ' to a second as 
the second does to a third, the second number is called a 
mean proportional between the other two. Thus, in the 
proportion 3 : 6 : : 6 : 12, 6 is a mean proportional between 
3 and 12. 

The mean proportiofidl between any two numbers is equal 
to the square root of their product. 

11. Find a mean proportional between 7 and 252. 

12. Find a mean proportional between .75 and 12. 

13. Find a mean proportional between^^ and ^^^. 

14. Find a mean proportional between ^f^-^ and .875. 

15. Find mean proportionals between -^^ and 16 ; 5 and 
6; 25 and 13; f and |. 

88« Appmoation of the Cube Root. 

The solid contents and the weights of similar bodies are 
to each other as the cubes of their diameters, or of their 
similar sides. 

The solid contents of a sphere may be found by multi- 
plying the cube of the diameter by .5236. 

The cube root of the solid contents of any body, will give 
the side of a cube, equal in solidity to the given body. 

' No allowance is made for resistance of the air, ia the answers that 
are given. 
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, XXAMPIJB8. 

1. WHat are the solid contents of the earth, supposing 
it a perfect sphere, whose diameter is 7920 miles ? 

Ans. 260120860876.8 cubic miles. 

2. If a ball 2 inches in diameter, weighs'!} pounds, 
what would be the weight of a similar ball 6 inches in 
diameter? Aris. 40} lb. 

3. What is the side of a cubical box that will hold 1 
bu3hel? ' Ans, 12.907in. 

4. What is the side of a cubical pile that contains 2^6 
cords of wood ? Ans. 32ft. 

6. If a tree 1 foot in diameter, yields 2 cords of wood, 
how much wood is there in a similar tree that is 3ft. 6in. in 
diameter ? ^ ' Ans. 85 1 cords. 

6. If a pound avoirdupois of gold is worth $200, and a 
cubic inch weighs Hi oz.,'what would be the value of a 
gold ball 1 foot in diameter ? Ans. 9243000. 

7. What is the diameter of a ball that weighs 27 times 
as much as one 3 feet 6 inches in diameter ? 

Ans, 10ft. 6in. 

8. If a hollow sphere 3 feet in diameter and 2} inches 
thick, weighs 12 tons, what would be the dimensions of a 
similar sphere that would weigh 324 tons ? 

Ans, Diameter 9ft. ; thickness 7 inches. 

9. What is the side of a cubical block of wood, that weighs 
as much as a sphere of the same material, 15 inches In 
diameter? Ans. 12.09 inches. 

10. The length of a ship's keel is 70ft., the breadth, of 
beam 25ft., and the depth of the hold 12}ft. Eequired 
the dimensions of another vessel, built on the same model^ 
but of twice the tonnage. 



286 PBOGBESaiON; OB SEBIB8. [ABT. XES. 

11. If a ship whose keel measures 90 feet, carries 420 
tons, what will be the toimage of a similar vessel with a 
keel eOffc. long ? 



-M- 



XIX. PROGRESSION, OR SERIES., 

89. Arithmetioal and Geometbioal Pboqbession. 

Let a represent the less extreme of a series, I the 
greater extreme, n the number of terms, s the sum of all 
the terms in an arithmetical series, p the product of all the 
terms in a geometrical series, d the arithmetical difference, 
and r the geometrical ratio. Then 



In Ariihfnetical Progression, 



? = a + (w — 1) f? 

(a + 

2 


(1) 
(2) 


a = ? — (n — 1) cf 


(3) 


^ 1 


(4) 



In Geometrical Progreision. 
l^aXr*-' (5) 

j> = V (a X 0" (6) 

I 

« = ;j=i (7) 



I 



= . Ji (8) 



In comparing these tables, we see that 

addition corresponds to multiplication; 
subtraction " " division; 

multiplication ^' " involution ; 

division " '^ evolution. 

If, therefore, we had a series of numbers bearing the 
same ratio to the natural series, as an Arithmetical to a 
Geometrical Progression, the labor of multiplication would 
be reduced to that of simple addition, and involution to 
simple multiplication. Such a series constitutes a Table 

OF LOGABITHMS. 
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Examples. 

1. Determine tlie value of n, wlien a, d, and I are giyen, 
hj the 2d method of analysis^ stated in Section 57. 

By formula (1) we perceiye that if 1 be subtraoted from n, the 
remamder multiplied by d, and a added to the product, the sum 
will be I. Reyersing the operation, if we subtract a from I, divide 
the remainder by d, and add 1 to the quotient, the sum will be n. 

7- 

Ans. n = 4- !• 

d 

2. From formula (2) find the value of I, when a, n, and 
» are giveU; and the value of a, ]vrhen I, n, and s are given. 

if 7 2« 2« , 

n . n 

3. Determine the value of n, when the values of a, I, and 

8 are known^ a 2$ 

Ans, n = 



a -{• I 

4. From formulas (1) and (2) determine the value of a, 
when dy n, and $ are known. 

Substituting for I in formula (2), its valud in formula (1), we 

haYe,=^iHfl±^EIi) 

2 

Reversing all the operations that must be performed on a to 

— — (n— 1) d) -}- 2. 

5. From formulas (2) and (3), how may we find the value 
of I, when dy n, and s are known ?' 

Ans. Z=±f?i+Si:3t?)-T-2. 

^n * 



■ There are two formulas, which the pupil could hardly be expected 
ro obtain, without considerable knowledge of Algebra. - They are, 
therefore, inserted here, in order that he may have all the formulae 
that are necessary to solve any question in Arithmetical Progression 
that can possibly occur. < 

When a, <2, and f are given, 

rf-.2a-f- sj {d^2a)^ -f %d8 
**== 25 • 
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6. A laborer agreed to dig a well 39 yards deep, for 
which he was to be paid as follows : 75 cents for the first 
yard, S1.25 for the 8ec<md yard, and so on, increasing 50 
cents for each subsequent yard. What would the last yard 
cost, and what would he receive for the whole job ? 

2d Ant. «399.75. 

7. The formula for determining the sum of any geomet- 
rical series is « = — ^r — Determine from this formula, 

the value of r when <, a, and I are given. 

s — a' 



Ans, r = 



8 — 1 

8. When one of the extremes, the ratio, and the sum of 
the terpis are given, how would you find the other extreme ? 
Give separate answers for each extreme. 

Ans. a = lX r — (r — 1) X «. 

r 

9. What is the sum of the series 2, 1, }, i, &c., to infi- 
nity ? (The last term in any infinite decreasing series is 0.) 

Ans. 4. 

10. If a man commences at 21 years of age, and annu- 
ally puts $500 at compound interest, how much will he be 
worth when he is 50 years old f Ans. $36819.90. 

11. Insert 2 mean |»*oportionals between l^md 343. (As 

When df h and s are given, ^ 

^^ — 2r^ • 

The sign following d in the second formula, is sometimes -)-, and 
sometimes — . The proper sign can easily be determined by trial. 

»If (^X»"—o) -+-(»• — !)==«» rX^ — ^^^X »■ — <*• Then 
rx«=-'iX*" + « — <^ Subtracting i X ^ from r X «» we have r x » 
— lXr=:8 — a. Butrx* — *"X^ = *"X(« — 0» and therefore, 
dividing by « — Z, we obtain the answer, r = (» — a) -y- (« -^ Q . This 
analysis wrll be more difficult to follow than any of those required io 
arithmetical progression ; but the pupil should pass nothing over until he 
understands it perfectly. 
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there are to be 2 means^ the number of terms is 4, and the 
extremes 1 and 343.) Ans. 7, 49. 

12. Insett 5 mean proportionals between 4 and 2916. 

Ans. 12, 86, 108, 324, 972. 

18. Every oviparous fish deposits annually, at the spawn* 
ing season, many thousands of ova. If we estimate the 
average number deposited by each pair of herrings to be 
only 2000, to what number would the offspring of a single 
pair amount in the eighth year, supposing that every egg 
produced a fish ? '"^ 

Ans, 2 septillion, a number which would make a 
mass larger than the whole globe. 

14. According to some experiments, it has been found 
that one stem of the hyoscyamus sometimes produces more 
than 50000 seeds. At this rate, if every seed should produce 
a fertile plant, what number of plants would be contained in 
the fourth crop from a single seed ? 

Ans. 6250 quadrillion, a number that the whole mrface 
of the earth would not be sufficient to contain. 

15. If the human race, after making a proper deduction 
for those who died, had doubled every twenty years, how many 
of the descendants of Adam would have been living when he 
was 500 years old ? Ans, 38554430. 

00. Harmonical Progression.' 

When three numbers are such that the first is to the 
third, as the difference between the first and second is to the 
difference between the second and third, they are said to be 
in Harmonical Proportion ; and a series of numbers, in 
continued harmonical proportion, constitutes a Harmoni- 
cal Progression. 

The reciprocal of a number, is the quotient of 1 by the 

— m il. ■■ I I ■ ■■■II ^1 ■■■■ ■ ■■ I IWi» I ■■! , ^, _^ M , — ,— ,M»,^ ■ I 

*• So called, because if a musical string be divided in harmonical 
proportion, the different parts will vibrate in unison. 

19 
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munber. Thns, ^ is the reciprocal of 2 ; 4 is the reciprocal 
of I ; I is the reciprocal of |, &c. The reciprocals of any 
equtdifferent series form a harmonical jf>roportion, 

I. Two numbers being given, to find a third in harmoni- 
cal proportion. 

Consider the reciprocals of the numbers a^ two terms of 
an equidifferent series. The third term will he the recipro- 
cal of the number sought. 

Find a third harmonical proportional to 120 and 40. 

The reciprocals are jItji and -^q^ or y||j. The third term of 

the equidiiferent series is ylxjr and its reciprocal 24 is the har- 
monical proportional sought. 

n. To insert any number of harmonical means between 
two numbers. 

Find as many arithmetical means between the reciprocals 
of the given numbers. These means will be the reciprocals 
of the harmonical means. 

Insert 4 harmonical means between 20 and 120. 

The reciprocals are jfj and jju, or jj^ and j^^y. The four 
arithmetical means are j^-q, jI^j, y|^, and y§u, whose recipro- 
cals are 24, 80, 40, and 60, — ^the desired harmonical means. 

EXAMPLES. 

1. The first two terms of a harmonical progression are 
60 and 30. Eequired the ten succeeding terms. 

2. The first two terms of a harmonical proportion are 
848075 and 69615. Find the six succeeding terms. 

8. Insert 6 harmonical means between 680 and 5040 

4. Insert 8 harmonical means between 10 and 60. 

5. Insert 2 harmonical means between i and i, 

6. Insert 4 harmonical means between J and y^^ 
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91 • Compound Interest. 

Compound Interest may be computed by Gkometrioal 
Progression ; a = the amount of 91 for tbe time that should 
elapse between two successive payments of interest; r = a; 
n = the number of payments. 

The labor of computing Compound Interest, may be abridged 
by a table in which the amount of $1 is computed at different 
rates, and for a number of years. (See Table I., p. 298.) 

I. To find the amount of any sum by the Table, multiply 1h$ 
given turn by the amount of $1 for the given time. 

EzAMPLB. What will be the amount, at 7 per cent, compound 
interest, of $200 for 15yr. ? 

$1 in 16yr. at 7 per cent, amounts to 2.759081, and 2.759081 X 
$200 = $551.8062. 

II. To compute compound discount, or to find the present worth 
at compound interest, of any sum due at a future time, dmde th$ 
given sum by the amount of $1 for the given time. 

Example. — ^When money is worth 5 per cent, compound interest, 
what is the present worth of $5000 due in 19yr. 4mo. 24dy. ? 

$1 at 5 per cent, would amount in 19yr. 4mo. 24dy. to $2.577489, 

and $5000-5- 2.577489 = $1939.87. 

ni. To find the time in which any principal will amount to a 
giyen sum, divide the amount by the prindpal^ and look for the quotient 
in the Table, under the given rate. 

Example. — In what time, at 6 per cent, compound interest, will 
$25 amount to $48 ? 

If = 1.92. $1 would amount to 1.898299 in 11 years, or to 
2.012196 in 12yr. 

1.92 exceeds 1.898299 by .021701, and 2.012196 exceeds 
1.898299 by .118897. Then if the gain in 12 months is .118897, 
in what time would there be a gain of .021701 ? 

.113897 : .021701 : : 12mo. : 2mo. 8dy. very nearly. 

lY. To find the rate at which any principal will amount to a 
given sum in a given time, divide the amount by the principal^ and 
look for the quotient in the Table, opposite the given time. 

Example. — At what rate of compound interest, will $250 amount 
to $550 in 18 years? 
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||{ =: 2.2. In the line of 18 years, we find 2.2 tinder 4} per 
cent. 

EXAMPLES. 

1. Find tlie amount of 9637.25, at 5 per cent, compoimd 
interest, for 16yr. 3mo. 15dy. Ans. $1411.32. 

2. Allowing 7 per cent, compound interest, what is the 
present worth of $1000, due in 36yr, 5mo. 6dy. ? 

Ans. »90.91. 

3. At 6 per cent, compound interest, in what time will 
$250 amount to $1000 ? Ans, 23yr. 9mo. 13dy. 

4. At what rate of compound interest will $127.75 
amount to $201.22, iii lOyr. 3mo. 24dy. ? 

Ans. 4} per cent. 

93* Annuities. 

Any sum of money to be paid regularly, at stated 
periods, is called an Annuity. The payment may be 
stipulated for a given number of years, in which case it is 
called an annuity certain, or it may be dependent upon 
some particular circumstance, as the life of one or more 
individuals. The latter is called a contingent annuity, A 
perpetvKil annuity, is one which can only be terminated by 
the grantor, on the payment of a sum whose interest will 
be equivalent to the annuity. Of this character is the 
consolidated debt of England. 

An' annuity in possessiouy is one on which there is a pres- 
ent claim ] an annuity in reversion, or deferred annuity, is 
one that does not commence until the lapse of a stated 
time, or the occurrence of some uncertain event, as the 
death of an individual. 

The present worth of an annuity, is the sum which, at 
compound interest for the time of its duration, would 
amount to the sum of all the payments, each being placed 
at compound interest as it became due. 
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TABLE I. 

SflOtHHO THX AmOUKT OT $1.00, AT COMPOUND InTIEIST, ?B0V 

1 TXAK TO 60. 



Tear. 


3 p. cent. 


3| p. cent. 


4 p. cent. 


4| p. cent 


5 p. cent. 


6 p. cent. 


7 p. cent. 


1 
2 
3 

4 
5 


1.030000 
1.060900 
1.092737 
1.135509 
1.159274 


1.035000 
1.071225 
1.106718 
1.147583 
1.187686 


1.040000 
1.081600 
1.124864 
1.169859 
1.210653 


1.045000 
1.092025 
1.141166 
1.193519 
1.246182 


1.050000 
1.103500 
1.157635 
1.815506 
1J276883 


1.060000 
1.133600 
1.191016 
1.363477 
1.338336 


1.070000 
1.144900 
1.22.'K)43 
l.;il07J6 
1.402552 


6 

7 

8 

9 

10 


1.194052 

1J22U874 
1.3156770 
13M773 
1.343916 


1.S39255 
1.272279 
1.316809 
1.363897 
1.410599 

• 


1.865319 
1.315932 
1.368569 
1.423312 
1.480244 


1^)2260 
1.360863 
1.422101 
1.486095 
1.552969 


1.340096 
1.407100 
1.477455 
1.55K«8 
1.638895 


1.418519 
1.503630 
1.593848 
1.689479 
1.790848 


1.500730 
1605781 
1.718186 
1.838459 
1.967151 


11 
13 
13 
14 
15 


1.384334 
1.435761 
1.468534 
1.51250O 
1.557967 


1.459970 
1.511069 
1.563956 
1.618694 
1.675349 

1.733986 
1.794675 
1.857489 
1.922501 
1.989789 


1.539454 
1.601032 
1.665073 
1.731676 
1.800943 


1.623853 
1.095881 
1.772196 
1.851945 
1.935282 


1.710339 
1.705856 
1.885649 
1.979933 
3.078938 


1.898899 
3.013196 
3.138938 
3.360904 
2306558 


2104852 
2.252192 
2.409845 
2578534 
2.759031 


16 
17 
18 
19 
80 


1.604706 
1.653848 
1.703433 
1.753506 
1.806111 


1.872961 
1.947900 
2.025816 
2.106849 
2.191123 


3.032370 
3.113377 
2308479 
3.307860 
3.411714 


3.182875 
2392018 
2406619 
2.526950 
2.653298 


2540358 
8.693773 
2854339 
3.025599 
3.207135 


2.952164 
3.158815 . 
a379931 
3.610526 

3.861)683 


31 

33 
34 
35 


1.860295 
1.916103 
1.973586 
3.032794 
3.093778 


3.a59431 
3.131512 
2.206114 
2.283328 
2.363245 


2^8768 
2.369919 
2.464715 
2.5b3304 
3.665836 


8.530241 
3.63:«52 
2752166 
3.876014 
3.005434 


2785063 
2925261 
3.071524 
3.225100 
3.386355 


3.399564 
3.603537 
3.819750 
4.048935 
4.291871 


4.l405r.l 
4.430400 
4.746588 ' 
5.072365 
5.427431 1 


3G 
37 
38 
39 
30 


3.156591 
3.331289 
3J287928 
3.356565 
3.437303 


2445959 
2531567 
2620177 
2.711878 
2.806794 


2773470 
2.883369 
2998703 
3.118651 
3.243397 


a 140679 
3.382009 
3.429700 
3.584036 
3.745318 


3.555673 
3.733456 
3.920129 
4.116136 
4.331948 

> 


4.549383 
4.832346 
5.111687 
5.418388 
5.743491 


5.807351 
6JJ138f.6 
6.648836 
7.114255 
7.612253 


31 
32 
33 
34 
35 


3.500080 
2.575083 
3.653335 
2731905 
3.813863 


2.905031 
3.006706 
3.111942 
3.820860 
3.333590 


3.373133 
3.506059 
3.648381 
3.794316 
3.946089 


3.913857 
4.089981 
4.374030 
4.466361 
4.667348 


4.538039 
4.764941 
5.003188 
5.2'»348 
5.516015 


6.068101 
6.453387 
6.840590 
7.251035 
7.686087 


ai45110 
8.715268 
9.325:«7 
9.978110 
10.676578 


36 
37 
38 
39 
40 


2898278 
2.985827 
3.074783 
3.167027 
3ii62038 


3.450286 
3.571025 
3.696011 
3.835372 
3.959360 


4.103932 
4.368090 
4.438813 
4.616366 
4.801021 


4.877378 
5.096860 
5.386319 
5.565899 
5.816364 


5.791816 
6.061407 
6.385477 
6.704751 
7.039989 


8.147253 
8.636087 
9.154353 
9.703507 
10.365718 


11.423939 
12.223614 
13.079277 
13.1»94837 
14.974465 


41 
43 
43 
44 
45 


3.359899 
3.460606 
3.564517 
3.671452 
3.781596 


4.097834 
4.341358 
4.389702 
4.543343 
4.703358 


4.993061 
5.192784 
5.400495 
&616515 
5.841176 


6.078101 
6.351615 
6.637438 
6.936133 
7.348348 


7.391988 
7.761587 
8.149667 
8.557150 

8.985008 


10.903861 
11.557033 
13.350455 
13.985482 
13.764611 


16.032677 
17.144265 
18.344363 
19.638469 
31.003461 


46 

% 

49 
SO 


3.895044 
4.011895 
4.132252 
4.256219 
4.383906 


4.866941 
5.037284 
5.213589 
5.31»6065 
5.584927 


6.074823 
6.317816 
6.570528 
6.833349 
7.106683 


7.574430 

7.015268 
8.271455 
8.643671 
9.032636 


9.434358 

9.905971 

10.401367 

10.921333 

11.467400 


14.590487 
15.465917 
16.393872 
17.377504 
18.420154 


83.473634 
34.045718 
35.728916 
37.529943 
29.457039 
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TABLE IL 



Thi Amount o» an Annuitt of $1.00, feom 1 teab to 60. 



. cent. 

ooooooi 



Tew. 



1 
8 
3 

4 
5 



6 

7 

8 

9 

10 



11 
IS 
13 
14 
15 



16 
17 
18 
19 
30 



31 
33 
33 
34 
35 



86 
37 

88 
39 
30 



31 
33 
33 
34 
35 



36 
37 
38 
39 
40 



41 
48 
43 
44 
45 



40 

47 
48 
40 

M 



3 p. cent. 



1.000000 

3.030000 
3.090900 
4.183687 
5.309136 



6.468410 

7.668463 

8.893336 

10.159106 

11.463879 



13.807796 
14.193039 
15.617790 
17.086334 
18.598914 



80.156881 
31.761588 
83.414436 
85.116868 
86.870374 



38.676486 
30.536780 
33.453884 
34.436470 
36.450364 



38.553043 
40.709634 
43.930933 
45.318850 
47.575416 



50.003678 
53..'i08759 
55.077841 
57.730177 
60.463063 



3| p. cent. 



1.000000 
3.035UU0 
3.106-2:25 
4.314«j43 
5.362406 



6.550153 

7.771>408 

9.0516B7 

10.368496 

11.731393 



13.141993 
14.601963 
16.113030 
17.676086 
19.305681 



30971030 
33.705016 
34.499691 
36.357180 
38.379683 



30.360471 
33.338903 
34.460414 
36.66653B 
38.949857 



41.313103 
43.759060 
46.390637 
48.910799 
51.633677 



54.439471 
57.334503 
60.341310 
63.453153 
66.674013 



63.375944 
66.174333 
69.159449 
73.334333 
75.401360 



76.663896 
88.033196 
85.483893 
89.048409 
98.719861 



96.501457 
lfO.396501 
104.408306 
106.540648 
118.796867 



70.007603 
73.457869 
77.038895 
80.734006 
84.550378 



88.509537 

93.607371 

96.848639 

101.838331 

105.781673 



110.484031 
115.350973 
120.368257 
125.601846 
130.997010 



4 p. cent. 



LOOOOOO 
3.040000 
3.121600 
4.846464 
5.416323 



6.633975 

7.896394 

9.314836 

10.583795 

12.006107 



13.486351 
15.035605 
16.636838 
18.391911 
20.023586 



31.834531 
33.607513 
35.645413 
37.671339 
39.778078 



31.969303 
34.347970 
36.617886 
39.082604 
41.645006 



44.311745 
47.084214 
49.967583 
52.966266 
56.064938 



59.326335 
63.701469 
66.309537 
69.657900 
73.652225 



77.506314 
61.702346 
85.970336 
90.409150 
95.025516 



99.826536 
104.819598 
110.012382 
115.418877 
131.039393 



136.870568 
133.945390 
139.263306 
145.833734 
152.667084 



4|p. cent. 



1.000000 
3.045000 
3.137035 
4.378191 
5.4707101 



6.716803 

8.019158 

9.380014 

10.803114 

13.388310 



13.641179 
15.464033 
17.159913 
16.932109 
20.784054 



33.719337 
34.741707 
36.855084 
39.063562 
31.371423 



33.783137 
36.303376 
36.9370:10 
41.669196 
44.565210 



47.570645 
50.711324 
53.993333 
57.423033 
61.007070 



64.753.388 
68.666245 
73.756226 
77.030256 
61.496618 



86.163966 

91.041344 

96.138305 

101.464424 

107.030323 



112.846668 
118.984789 
125^6404 
131.913842 
138.849965 



146.008314 



l('>1.587g02 
160.859357 
178.503028 



5 p. cent.. 



1.000000 
3.050000 
3.153500 
4.310135 
5.535631 



6.801913 

ai4800e 

9.549109 

11.036564 

13.577893 



14.306767 
15.917127 
17.713963 
19.596633 
31.578564 



33.657493 
35.840366 
36.132385 
30.539004 
33.065954 



35.719253 
36.505214 
41.430475 
44.501999 
47.727099 



51.113454 
54.669126 
58.402583 
62.322712 
66.438847 



70.760790 
75.296829 
>80.063770 
85.066959 
90.320307 



95.836323 
101.628139 
107.709546 
114.095023 
120.799774 



12t.839763 
135.231751 
142.99^339 
151.143006 
159.700156 



168.685164 



153.672633 J78.119422 



5^ p. cent. 



1.000000 
2.055000 
3.168035 
4.342366 
5.581091 



6.888051 

8.366894 

9.731573 

11.356859 

13.875354 



14.583498 
16.385590 
18.286706 
20.292573 
23.408663 



34.641139 
36.996403 
39.481305 
32.103671 
34.668318 



37.78C075 
40.864309 
44.111846 
47.537996 
51.152568 



6 p. cent. 



l.( 

3.06000( 

3.1t 

4.3746ie 

5.637093 




6.97531 

a393838 

9.897468 

11.491316 

13.180795 



14.971643 
16.869941 
18.883138 
31.015066 
83.275971 



35.673538 
88.2128^ 
30.905653' 
33.759992 
36.7855SSI 



39.993727 
43.302390 
46.iK)5838 
50.815577 
54.864513 



54.965979 
58.089109 
63.233510 
67.711353 
72.435478 



77.419439 
82.677498 
86.224760 



59.156.183 
63.705766 
68.52811? 
73.639798 
79.058186 



84.801677 
90.880778 
97.343165 



94.077132 104.1837J 
100i251363, 111.4347e 



106.765188 119. 
113.637374 127.2661M 
120.887334 ]35.{ 
126.5361371 145. 
136.605614 




145.118033 165.047684^ 
154.100464 175.950545 
163.575U89, 187.507577 
173.573660 199.756039 
184.119165 312.743514 



188.025393 
198.426663, 
209.3479V6 



195.245780 
206.984334 
219..308,'»7 
2.T2.4.3.%27, 
246.217477 



236.508125 
241.098613 
256.564529 
372.95640 r 
2ta33590 5i 
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TABLE III. 
The Present Woeth of an Annuity op $1.00, fbom 1 tear to 50. 



Fear, 



1 
2 
3 

4 
5 



6 

7 

8 



10 



n 

12 
13 
14 
15 



16 
17 
18 
19 
20 



21 
22 
23 
24 
25 



2i{ 
27 
28 
29 
30 



31 
32 
33 
34 
35 



36 
37 

38 

3y 

40 




3 p. cent. 



0.97087 
1.91347 
2.8S861 
3.71710 
4.57971 



5.41719 
6.23086 
7i)1960 
7.78611 
8.530301 



0.25262 

9J5400 

10.63495 

11.29607 

11.93794 



12.56110 
13.16612 
13.75351 
14.32380 
14.87747 



15.41502 

15.93692 
16.44361 
16.93554 
17.41315 



17.87684 
18.3-2703 
18.76411 
19.1H845 
19.60044 

20.00043 
20.388n 
20.76579 
21.13184 
21.48722 



21.83225 
22.1G724 
22.49246 
22.80822 
23.11477 



23.41240 
23.70136 
23.98190 
24.25427 
24.51871 



3| p. cent 



24.775^15 
25.02471 

25.50106 
25.72078 



0.96518 
1.89960 
2.00164 
3.67306 
4.51505 



5.33895 
6.11454 
6.87396 
7.60769 
8.31661 



9.00155 

9.66333 

10.30274 

10.92053 

11.51741 



12.09412 
12.65132 
13.18968 
13.70984 
14.21240 



14.60707 
15.16712 
15.62041 
16.05837 
16.48151 



16.89035 
17.28536 
17.66702 
18.03577 
18.39205 



1^73629 
19.06887 
19.39021 
19.70068 
20.00066 



20.29049 
20.57053 
20.84109 
21.10250 
21.35507 



21.59910 
21.83488 
22.06269 
22.28279 
22.49545 



22.70092 
22.89943 
23.09134 
23.27656 
33.45562 



4 p. cent. 



0.96154 
1.88609 
2.77509 
3.62990 
4.45188 

5.94214 
6.00205 
6.73274 
7.43533 
8.11090 



8.76048 

9.38507 

9.98565 

10.56312 

11.11839 



11.65230 
12.16567 
12.65930 
13.13394 
13.59033 



14.02916 
14.45112 

14.85684 
15.24696 
15.62208 



15.98277 
16.32959 
16.6630G 
16.98371 
17.29203 



17.58849 
17.87355 
18.14765 
18.41120 
18.66461 



18.90828 
19.14258 
19.36786 
19.58448 
19.79277 



19.99305 
20.1856.3 
20.37079 
20.54884 
20.72004 

20.88465 
21.042i)4 
21.19513 
21.34147 
21.48218 



4^ p. cent. 



0.95694 
1.87267 
2.74896 
3.58753 
4.JKW8 



5.15787 

5.89270 
63580 
7.26879 
7.91272 



8.52892 

9.11858 

9.68385 

10J22283 



10.73955 



11.23401 
11.70719 
12.15909 
12.59329 
13.00794 



13.40472 
13.78442 
14.14777 
14.49548 
14.82821 



15.14661 
15.45130 
15.74287 
16.02181) 
16.28889 



16.54439 
16.78889 
17.02286 
17.24676 
17.46101 



17.66604 
17.86224 
18.04999 
18.22965 
18.40158 



18.5()0I] 
18.72355 
18.87421 
19.018:^8 
19.15635 



19.28837 
19.41471 
19.53561 
19.65130 
19.7630l( 



5 p. cent. 



0.95238 
1.85941 
3.72325 
3.54595 
4.32848 



5.07560 
5.78637 
6.46331 
7.10782 
7.72173 



a30641 



9.39357 

9.8il864 

10.37966 



10.83777 
11.27407 
11.68959 
12.08532 
12.46221 



12.82115 
13.16300 
13.48857 
13.79864 
14.09394 



14.37518 
14.64303 
14.89813 
15.14107 
15.37245 



15.59281 
15.80268 
16.00255 
16.192iK) 
16.37419 



16.54685 
16.71129 
16.86789 
17.01704 
17.15909 



17.29437 
17.42321 
17.54591 
17.66277 
17.77407 



17.88007 
17.98102 
18.07716 
18.16872 
18.35993 



5i p. cent. 



0.94786 
1.84631 
2.69793 
3.50514 
4Sni938 



4.905531 

5.68297 
0.33457 
6.95220 
7.53762 



8.09254 
8.61852 
9.11708 
9.58965 
10.03759 



10.462161 
10.86461 
11.24607 
11.60765 
11.95034 



12.27524 
12.58317 
12.87504 
13.15170 
13.41391 



13.66250 
13.80810 
14.12142 
14.33310 
14.53375 



14.72393 
14.90420 
15.07507 
15.23703 
15.39055 



15.53607 
15.07400 
15.80474 
15.l>2e-66 
16.04612 



16.15746 
16.2629<) 
16.36303 
16.45785 
16.54772 



16.63283 
16.71357 
19.79011 
16.8626(i 
16.93U3 



6 p. eent. 


Yetr. 


094339 


1 


1.83339 


3 


2.67301 


3 


3.46511 


4 


4J1236 


5 


4.91732 


6 


5.58238 


7 


6.20979 


8 


6.80169 





7.36000 


10 


7.88687 


u 


8.38384 


13 


8.85268 


13 


9.20498 


14 


9.71225 


15 


10.10589 


16 


10.47726 


17 


1082760 


18 


11.15H12 


19 


U.46992 


30 


11.76408 


21 


12.04158 


SW/ 


12.30338 


23^ 


12.55036 


34 


12.78336 


35 


13.00317 


26 


13.21053 


27 


13.40616 


28 


13.59072 


29 


13.76483 


30 


13.92909 


31 


14.06404 


32 


14.23023 


33 


14.36814 


34 


14.49825 


35 


14.62099 


36 


14.73678 


37 


14.84602 


38 


14.94'J07 


39 


15 04630 


40 


15.13802 


41 


15.22454 


42 


15.30t)17 


43 


15.38318 


44 


15.45583 


45 

46 


15.52437 


15.58903 


47 


15.65003 


48 


15.70757 


49 


15.761861 


50 
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Nearly all the question? that occur in annuities^ can be 
easily solved bj the first method of Analysis^ given in Sec- 
tion 57| p. 190. This will be readily seen^ by comparing 
the following 

&ULES. 

1. To find the amount due on an annuity that ha$ re- 
mained unpaid for a given time. 

Multiply the amount of an annuity of one dollar for the 
given time/ by the number of dollars in the given annuity. 

2. To find the jpretent worth of an annuity/ certain. 

Multiply the present worth of an annuity of one dollar 
for the given time/ by the number of dollars in the given 
annuity. 

3. To find the present toorth of a perpetual annuity. 

Divide the annuity by the interest that one dollar would 
yield; in the time that elapses between the several payments 
of the annuity. 

4. To find the annuity, when the present worth, or the 
amount is given. 

If the present worth is ^ven^ divide by the present 
worth of an annuity of one dollar for the time the annuity 
is to continue. If the amount is given^ divide by the amount 
of an annuity of one dollar. 

5. To find the present worth of an annuity in reversion. 
Multiply the present worth in reversion^ of an annuity 

^ This amount may be taken from Table II., p. 294, or it may be 
determined by finding the sum of a geometrical progression, (Ex. 7, 
sect. 89,) in which, a = the annuity, r:^ the amount of $1 for the time 
that should elapse between two successiye payments, and n=^tbe 
number of payments due. 

^ The present worth may be taken from Table III. p. 295, or it may 
be found by dividing the amount of an annuity of $1 for the given time, 
by the amount of $1 at compound interest, for the same time. 
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of ONE dollar/ bj the nCimber of dollars in the given 
annuity. 

EXAMPLES. 

1. An estate that yields an annual income of $2000; is 
offered for sale for the amount of 10 years' income at 6 per 
cent, compound interest. What is the price of the estate ? 

Ans. $26361.59. 

2. A gentleman wishes to present his estate to his chil- 
dren, reserving enough to yield $700 per annum for 15 
years. How much must he reserve, allowing 5 per cent, 
compound interest ? An$. $7265.76. 

3. For how much should an estate that rents for $175 
per year, be sold, to allow the purchaser 6 per cent, interest 
on his investment ? Ans. $2916}. 

4. What sum of money must a man lay up annually, to 
amount to $10000 in 20 years, the investments being all 
made at 6 per cent, compound interest? Arts, $271.85. 

5. A father leaves an annual rent of $400 to his eldest 

child for 5 years, and the reversion of it for the 8 succeeding 

years to his youngest child. What is the present worth 

of each legacy, at 6 per cent. ? 

Ans. $1684.94; $1856.13. 

6. If a person saves $250 per annum, and invests it at 6 
per cent, compound interest, how much will he be worth at 
the end of 25 years? Ans. $13716.13. 

7. What sum invested at 6 per cent, compound interest, 
will yield me an income of $1600 per annum for 20 years f 

Ans. $20453.38. 

* This value may be found from Table III., p. 295, by subtracting 
the present worth of an annuity continuing until the reversion com" 
mencesi from the present worth of an annuity, continuing until the 
reversion terminates. Thus, the present worth of an annuity of $1, to 
commence in 3 years, and continue 8 years, computing interest at 6 
per cent.i is $7.88687— $2.67301 = $5.21386. 
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8. What sum will build a wall worth $1000, and renew 
it every 15 years, at 5 per cent, compound interest ? 

N. B. At 5 per cent, compoand interest, $1 in 15 years will 
amount to $2.078928. The interest is therefore $1.078928. The 
amount neoessary to renew the wall, is $1000 -f- 1.078928, to 
which must be added the $1000 expanded for building the wall at 
first. 

Ans. ei926.85. 

9. A builder takes a lease of a lot of ground for 25 years, 
and erects buildings on it which cost him J20000. Allow- 
ing money to be worth 6 per cent, compound interest, what 
clear* annual rent must he receive from the buildings to 
reimburse his expenditure, at the termination of the lease, — 
the rent commencing one year after the lease is given ? 

Ans, $1593.58. 

10. What sum must be paid, allowing 6 per cent, com- 
pound interest, to extend a lease 7 years, — ^the clear annual 
rent being $500, and the lease having 4 years to run ? 

Ans. $2210.88. 

11. What is the amount of a pension of $400 a year, 
payable semi-annually, for 8 years and 6 months, at 7 per 
cent, per annum ? Ans. $1555.88. 

12. What is the par value of an annual income of £500 
in the 4 per cent, consols ? ^ Ans. £12500. 

18. A railroad has been constructed through a farm, in 
consequence of which, the owner of the estate is obliged lo 
expend $400 in fencing, that must be renewed at the expi- 
ration of every 12 years. What sum should he now receive, 
to compensate him for the required expenditure, money being 
worth 6 per cent, compound interest? Ans. $795.18. 

*■ The clear annual rent, is the amount received after deducting 
ground-rent, taxes, and other expenses. 

^ Consols is an abbreviation for the consolidated annuities of the 
Rritish National Debt. 



§92.] ANNUITIES. 299 

14. The executors of an estate wish to dispose of an un- 
expired lease that has 8 years to run, for a premium of 
$1500. What amount must be added to the annual rent^ 
for that purpose ? Ans, $241.55. 

15. What is the present worth of a reversion of $700 
per annum, to commence in 20 years, and continue 30 yeaw 
thereafter, allotring 6 per cent, compound interest ? 

Arts. $3004.36. 

16. The British National Debt is about ^£800000000. If 
£8000000 were applied annually to the reduction of this 
debt,* in what time would it be paid off, calculating com- 
pound interest at the rate of 5 per cent. ? 

Ans. 36yr. lOmo. 13dy. 

17. There are two adjoining farms, each renting for $400 
per annum, but the rent of one is payable semi-annually, 
the rent of the other quarterly. What will be the differ- 
ence in the income from the two farms, at the expiration 
of 20 years, provided all the rent is invested as fast as it 
becomes due, at 6 per cent, compound interest ?'' 

Ans, $190.67. 

18. An estate is sold for $50000, of which $5000 is to be 
paid in cash, and the rest in semi-annual instalments of 
$2250. But the purchaser proposing to discharge the whole 
debt at once, he wishes to know what sum of money will be 
required, allowing discount at the rate of 7 per cent, com- 
pound interest. Ans. $36977.90. 

19. A gentleman takes a lease for ten years, at $450 per 
annum. At the expiration of two years, he wishes to give 
up the lease, but the landlord will not consent, unless the 
tenant will either pay down a year's rent in advance, or $60 

* The interest is supposed to be regularly paid, in addition to the 
sinking fund for the reduction of the debt. 

•» The amount of 80 quarterly payments of f 1 each, would be 
$152.7092. 
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per annum, during the whole term of the contract. Which 
proposal is the more favorable; and how much will he save 
bj accepting it, money being "worth 6 per cent, per annum 7 

2d Ans, He will save «77.41. 

20. What is the difference in value, between the present 

worth of a lease, for 100 years, of an estate that rents for 

$1500 per annum, and the perpetuity of the same estate, 

computing interest at 7 per cent. ? 

Ans, $24.69, or less than one week's rent. 

N. B. The present worth of an annuity of $1, to continue 100 
years, at 7 per cent, is $14.269251. 



•**- 



XX. POSITION. 

The answers to many difficult analytical questions, can 
be obtained by assuming one or more numbers, and working 
with them as if they were the true numbers sought. The 
method of obtaining the correct result in such cases, is called 
Position. 

Single Position requires only one assumed number. It 
its used in solving questions in which the required number 
is increased or diminished by any of its parts or multiples, 
either by addition, subtraction, multiplication, or division. 

Double Position requires two assumed numbers. It is 
applicable to all questions that can be solved by Single Po- 
sition, and to nearly all questions that can be solved by 
algebraical equations. 

03. Single Position. 

Questions in Single Position may be solved by the follow- 
ing rule: 

Assmne any convenient number, and proceed with it 
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according to the conditions of the question. Multiply the 
•assumed number by the number given in the question^ and 
divide the product by the result obtained with the assumed 
number. 

ExAMPLB roB Illustration. 

Diyide $1584 among three persons, in such manner that J of 
the first share, i of the second share, and ^ of the third share, 
shall all be equal. 

Suppose i the first share 250. 
Then the first share will be 500 250 x 1584-*- 2250 = 176, 

second share 750 is i the first share. 

third share 1000 Atu. 1st share $852 

2d " $528 

Result 2250 3^ « ^704 

Solve by the above rule, Examples 8, 15, 22, 23, 25, 28, 
29, 30, 32, 83, 42, 46, 47, 58, 59, 64, 71, 73, 74, 79, 81, 
Section 60. 

94. Double Position. ^ 

RULE I. 

Assume two convenient numbers, proceed with them sepa- 
rately, according to the conditions of the question, and note 
the result obtained from each operation. 

Multiply the error of either result by the difference of 
the assumed numbers, and divide the product by the differ- 
ence of the results. The quotient will be a correction to 
be added to the assumed number, u H gives a result too 
small, or to be subtracted from it, if the result is too large. 

In many cases the correct result is obtained at the first trial, 
but if greater accuracy is required, take the number obtained by 
the first trial, and the nearer of the two numbers first assumed, 
or any other that appears more nearly correct, as new assumed 
numbers. Repeat the operation as before, and you will obtain a 
new answer, more accurate than the former. This process may 
be repeated until you obtain the true answer, or a number suf- 
ficiently correct for your purpose. 

This Rule fails in those questions in which the result of the 
xiperations to be performed is not a known number^ but the re- 
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quired number, or one depending upon it, such as some multiple, 
or some part of it Such cas^s may usually be solved by the fol- 
io wing rule. 

RULE II. 

Assume two convenient numbers, and perform on each 
of them the operations indicated by the question. Note 
the errors of the results, and mark each of them with the 
sign + or — , according as it is in excess or defect. 

Then form the following proportion : — 

The difference of the errors, when they are cdike^ or their 
sum, when they are unlike : the difference, of the assumed 
numbers : : either error : the correction of the assumed num- 
ber which produced that error. 

Examples fob Illustration. 

1. <<A hunter wishes to measure the width of a ravine, and 
having no other means of doing it, he fires a~ rifle ball at a small 
knot on a tree, which stands on the opposite bank. On going 
over, he finds that the ball struck 6 inches below the knot. By 
previous experiments, he knows that the ball drops 2 inches in 
going 50 rods, and its deflection is proportional to the square of 
the distance added to \ of its cube. What is the width of the 
ravine ?" 

Suppose 100 

(W)' + iof(W)' X 2 = 13 J fiT,t result. 

Subtract 6 

Error in excess 7J 
.Suppose 75 

(WTU^WTx 2 = 6| second result 
Subtract 6_ 

Error in excess f 

Then by Rule I, 7 J X 25 -i- 6^^^ = 27^, correction for first 

supposition. 100 — 27f J == 72^1 rods, approximate width. 

Working with this result, we obtain for the deflection 6.168 
inches, which is so near the true deflection that 72 rods may be 
assumed as the true width. 

*■ The errors are said to be alikst when both are too great, or both 
too small ; and unlike^ when one is too great, and the other too smalL 
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2. A person being asked the time, replied : " The sun now rises 
at 5 and sets at 7. Now if you add 4 o^ ^^® hours that hare 
passed since sunrise, to -^f of those which must elapse before 
sunset, you will hare the exact time of the day." 

To find how many hours haro elapsed since sunrise, by Rule II. 

Suppose 6. • Suppose 3. 

4 + |fof8 = 6i?. 4 + ^}ofn = 8^f 

The result should be 11. The result should be 8. 

1st Error — 42^- 2d Error + ^ f 

42 J : 8 : : ^^^ : 2^ correction to be subtracted from 6. 
6 — 2J^= 8} 5 4-8} = 8} the true time. 

Proof, 4 of Zl + If of 10| = 8|. 

Examples foe the Pupil. 

1. A fanner engaged a servant^ agreeing to pay him $1.50 
for every day he should work, and to charge him jf.60 per 
day for his board, every day he should be idle. At the end 
of 13 weeks, the man received f 86.50. How many days 
did he work ? Ans, 66 days. 

2. Two men have the same income. A. saves J of his, 
but B. spends $325 per year more than A., and at the end 
of 5 years finds himself $625 in debt. What is the annual 
income of each? Ans. $1000. 

3. A person distributed in charity 2d. apiece among several 
poor children, and had 4d. left. He would have given them 
3d. apiece, but had not enough money by lOd. What was 
the number of children ? Ans. 14. 

4. A man has a chaise worth $130, and two horses. If 
the first horse be harnessed to the chaise, their joint value 
will be 3 times that of the second horse ; but if the second 
horse be harnessed to the chaise, their joint value will be 
twice that of the first horse. Required the value of each 
horse. ' uim. First horse $104; second $78. 
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6. Find two numbers, whose diflference is 29, and their 
product 546. Ans, 18 and 42. 

6. A man sold a horse for $144, and thereby gained as 
much per cent, as was equivalent to the number of dollars 
that the horse cost him. How much did he give for the 
hprse? Ans. |80. 

7. The fourth power of a certain number, diminished by 
7 times the number, and increased by 3 times its cube, 
equals 3881. What is the number ? Ans. 7. 

8. Find a number to which if 7 times its square be added, 
the sum will be 600. Ans. 8.8804 + . 

9. John is now three times as old as Charles, but five 
years ago he was four times as old. Bequired the age of 
each. Ans. John 45; Charles 15. 

10. Five times a certain number, increased by 12, is 
equivalent to 7 times the number, diminished by 20. What 
is the number ? Ans. 16. 

11. What number is that whose half is as much less 
than 75, as its double is greater than 94 ? Ans. 67 1. 

12. A farmer purchased a number of geese for £6 5s. 
He retained 5, and sold the remainder for Is. 3d. apiece 
more than he paid, thus receiving what he paid for the 
whole. How many did he buy ? Ans. 26. 

13. The area of a certain field is 187 square rods, and 
the length exceeds the breadth by B rods. What are the 
dimensions ? 

14. There is a fish, whose head weighs 9 pounds ; his 
tail weighs as much as his head and. half his body; and 
his body weighs as much as his head and tail both. What 
is the weight of the fish ? Ans. 72 lb. 

15. What woxild have been , the width of the ravine, in 
the example given on p. 302, if the ball had struck 8 inches 
below the knot ? Ans. 80 J rods, nearly. 
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XXI. APPROXIMATIONS. 

Off* MULTIPUOATIOK. 

Tn MuLTiPLioATiON, If pnlj a certain degree of accuracy is 
desired, the product may be obtained bj writing the nnits' figure 
of the multiplier under that figure of the multiplicand whose 
place we would reserre in tlie product, and inyerting the order 
of the remaining figures. In jnultiplying, we commence, for each 
partial product, with the figure of the multiplicand immediatelj 
aboTe the multiplying figure, carrying the tens which would arise 
firom the multiplication of the two rejected figures at the right. 

EXAMPLE. 

Bequired the product of 287.61895^ by 15.98421, correct to 
the fourth decimal place. 

287.618952 287.618952 

12489.51 15.98421 



2876.1895 

1488.0698 

258.8525 

28.0091 

1.1505 

575 

29 



28 


7618952 


575 


227904 


11504 


55808 


280091 


1616 


2588525 


568 


14880097 


60 


28761895 


2 



4597.2818 4597.28180769792 

The units* figure of the multiplier being placed under the 4th 
decimal of the multiplicand, and the whole multiplier reyersed, 
the product of each figure by the one above it will be ten-thou- 
sandths. Therefore, the right-hand figure of each partial product 
will fall in the column of ten-thousandths. In the second product, 
multiplying 52 by 5, we obtain 260, which, being nearer 800 than 
200, we carry 8 to the product of 9 by 5. 

The multiplication has also been performed in the usual way,, 
the Tcrtical line showing the figures that are rejected. 

If the multiplicand does not contain enough decimal figures te 
correspond with the inverted multiplier, the deficiency should be 
supplied by annexing zeros. The sasie contraction may be 
appUed to integers, if we wish only to obtain the thousands^ 
millions, &c., of the product. 
20 
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06* Division. 

In Division, a similar contraction may be made when the 
divisor is large, a contraction which is also applicable in the 
extraction of roots. 

The first quotient figure is of the same numerical value as the 
figure of the dividoad which stands immediately over the units of 
the divisor, at the first step of the division. 

After the first remainder has been obtained, instead of bringing 
down the remaining figures of the dividend, we' may cut off the 
right-hand figure of the divisor at each step, as id the following 
example. 

842.16 ) 25417.96255 ( 88.067 842.15 ) 28417.9 1 5255 ( 83.057 
27372 27372 01 

10459 
10264 



10459^ 5 
10264 5 


195 025 
171 075 


23 9505 
23 9506 



195 
171 

"24 
24 

In the complete division, the contraction is indicated by the 
vertical line. In each multiplication, the tens arising from the 
product of the quotient figure by the suppressed figure of the 
divisor, must always be carried as in contracted multiplication. 

The right-hand figurlT of the quotient thus obtained, cannot 
always be relied upon. If greater accuracy is desired, the divi- 
sion may be extended further before commencing the contraction. 

In Division or GiBOULAmia Dioihals, we may adopt the fol- 
lowing rule. 

Make the repetends of the divisor and dividend similar and 
conterminous, and from the result, considered as whole numbers, 
subtract the finite part of each. Perform the division with the 
remainders as with whole numbers, and the true quotients wiU 
be obtained. 

BXAUPLB. 

Divide 36.91 by 5.273. 
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Tke example is here solved 6.278278) 86.&lW9i 

by contracted decimal diyision. 5 86 

The exact fractional quotient is 5273268) 86919155(7.001101 

^ssVsVff 8 or 7ti^3\ff. The ef. 86912876 

feet of subtracting the finite g279 

parts of the diyisor and diyidend 5273 

is the same as reducing the two 1006* 

numbers to improper fractions, 527 
and diyiding the numerators. 



479 
474 



5 
6 
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GoNTiNUBD Fractions arise from the approximate yaluation 
of fractions whose terms are large, and prime to each othor. If, 
for example, we desire approximate values for the fraction ^^^ 
we may commence by diyiding both terms of the fraction by the 

numerator, which giyes us gja* Disregarding the |f , we have | 

for a first approximate value, which is greater than the true value, 
because the approximate denominator is less than the true denomi- 
nator. But as the denominator is between 5 and 6, the fraction 

is between j and J* 

If we desire greater accuracy, we may divide ^§ in the same 
manner as the first fraction, which gives us — for the value of 
5U» or 



for a second value of the original fraction. Disregarding the 
f^2> the continued fraction becomes, 

1, 

or Yj, which is less than the true value, because the supposed 
denominator is greater than the true denominator. We therefore 
Imow that the fraction is between i and jy. 



i 
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Still greikter aoonrftoy may be obtained by reduoing ^j, wMch 
giTesus 



5+ 



Bijectmg the f, we have, 



82 



1 

^T- 1 

or » or 



■F+r -- 1 -- 17 



for a third approximate yalue, greater than the true yalue. The 
fraction is, therefore, between ^ J and jj. 

After one farther approximation, we should obtain the original 
fraction. In fractions whose terms are yery large, as in the ratio 
of the diameter to the circumference of a circle, these approximate 
Talnes are often yery useful. They, moreoTcr, have the advantage 
of admitting any required degree of accuracy, for the error in 
adopting any approximation, is always less than the difference 
between the fraction taken and the one following. Thus^ in the 

present example, if we had adopted | as the true value of -s^ifj 
the error would haye been less than J — J, or ^* 

For forming the successiye approximations^ we haye the fol- 
lowing 

BULE. 

Diyide the greater term by the less, and the diyisor by the 
remainder, &c., as in finding the greatest common measure. 

Assume 1 for the numerator, and the first quotient for the de- 
nominator of the first approximate yalue. 

Multiply the terms of this fraction by the second quotient, and 
add 1 to the product of the denominator, for the second approxi- 
mate yalue. 

For each succeeding approximation, multiply the terms of the 
last approximate fraction by the following quotient, and add the 
corresponding terms of the preceding fraction. 

If the fraction giyen is improper, the reciprocals of the fraetionfl 
thus obtained, will be the approximations desired. 

IZAMPLl. 

Bequired less approximate values for the ratio of the dreuni* 
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Csrenee to the ^ameter of a djrole, one approximate ratio being 

800000 Eqniyalent Continued Fraotion. 

14169)100000(7 8 + 



99118 7 + i 



16 + 1 



887)14169(16 ^rZl 



887 



26+ i 



6289 1 + i« 

' 4486 7i 

"864)887(1 

864 For conyenience, the frac- 

88)864(26 tion may be written, 
66 8^1 >lJ_i Li 

194 
166 

"29)88(1 
29 



4)29(7 
28 

"1)4(4 

4 

g Ist approximate Talue. 

1X7 =7 

8x 7+ 1=22^^ approximate Talue. 

7 X 16 + 1 =s 106 
22 X 16 + 8 ="885 ^^ •PProximate Talue. 
106 X 1 + 7 = 118 
"883 X 1 + 22 =166^*^ •PP'^^*** ^•^^«- 

The reciprocals of these Talues are, 

o 22 888 ^. 866 
8, — • — • and — . 

7 106 118 

The second ratio is the one glTon bj Archimedes. The fourth 
is that of Adrian Metius, and is even more exact than the ratio 
8.14169, from which we haye derired it. 

An infinite continued fraction may be made equiyalent to any 
giyen number by the following rule : 

Astume any wmber ycupUaeefcr a deiummaior; add tht aaumed 
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mmAir to the ghm mmhtr, and muU^lp ike nm by ike giom mrniAer^ 
for a numercUor. 

^ . 404040.0 666 

EXAMPLIS. 6 = 5j.^.,-q., 2 = - - ,-. 

The Talae of any infinite continued fraction, with but one 
numerator and denominator, may be found by the following 
rule: 

To 4 Urnee the numerator add tke square of tke denominator. From 
ike square root of tke sum, eubtraet (he denominator^ and divide ike 
remainder by 2. Tke quotient ie tke vahe sought, 

BxAMPLis. ^i|i = (\/l60 + 9-^8)-5-2=6; 

:^Tf=(^124-16-4)^2 = .6467+ 

The Squabi boo^ of any number may be expressed in the form 
of a continued fraction, after part of the root is found, — by making 
eaek numerator equal to tke remaindery and eack denominator equal to 
twice tke root found. Thus, in extracting the square root of 17, the 
first root figure is 4, and the remainder 1. Then the true root is 
4 -|- the continued fraction 

1- 1 JL J ' fr 

8+ 8+ 8+ 8+ M-? ^' 

In like manner, the square root of 14, is 

Q l_ i. — — L Mr 
3 + 6+6+6+6+; OCO. 

Beducing the fraction, we haye, first, 

4 = If, or I, 
nearly, giying the first approximate root 8f . Second, 

nearly, giying a liiecond approximate root 8^f . Third, 

P]j| = 111^ or If, 

nearly, giying a third approximate root 8|f . This approximation 
is of use in affording conyenient fractional expressions for those 
roots which are of most frequeilt occurtenee. Thus, the diagonal 
of a square is to its side as \/ 2 is to 1. By the rule just giyen, 
we obtain successiyely for^ approximate yalues of \/2, 

11 12 1 6 112 129 
2? «> T2* 2¥^ TO- 

Wht laat of these Talnes, l^J or j( j, is a yery conyenient one. 



f98.] EVOtUTIOK. Sfil- 



98. Evolution. 

In the Extraction of Roots, we may commenoe with any com' 
plete divisor, cutting off the right hand figure at each step, as in 
contracted division. At whatever place this contraction is com- 
menced, as many additional root figures will he obtained as are 
equal to the number of figures in the divisor less 1, but the last 
figure so obtained cannot be relied upon. To illustrate this mode 
of contraction, we will extract the 5th root of 69. 




2 

2 

2 



4 

T 

8 

ii" 

12 

24" 
16 

40 
8.09 



8 

8 
24 

82 
48 

80 
12.927 



16 

16 
64 

80 

27.8781 


69.(2.8828285 
82 

87 
82.86848 


4 
2 


4.68667 
4.29498 


6 
2 


107.8781 
82.0424 


84169 
29884 


8 
2 


92.927 
18.881 


139.9206 
8.246 • 


4826 
4407 


10.8 
8 


43.09 
3.18 


106.808 
1.4- • 


148.166 
8.288 


418 
294 


10.6 

... 


46.27 
... 


108.2 
L4 


146.454 
22- 


124 
117 




109.6 


146.67 
22 


7 
7 



146.89 

After obtaining the third trial divisor, we commence rejecting 
one figure from the trial divisor, two from the number at the foot 
of the preceding column, three from the third column, &c., and 
proceed in a similar way with each subsequent trial divisor, until 
the figures firom the preceding columns are entirely cancelled. 
But in every instance, allowance must be made for the product 
of the figures rejected, as in simple contracted cUvision. 

The following is a general rule for the approximation of ant 
ROOT desired. 

RULE. 

Oall the first two figures of the root found in the usual way, the 

A8CBRTAINED BOOT. 
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LtToWe the aseertained root to the giyen power, and mnltipl/ 
bj the index of the root for a diTidend. 

Subtract the power of the ascertained root from the correspond- 
ing periods of the giTen number, for a diyisor. DiTide, and reserre 
the quotient. 

To 6 times the reserred quotient, add the index of the root, 
plus 1, for a second diTidend. 

To 6 times the reserred quotient, add 4 times the index of the 
root, tabtract 2 from the sum, and multiply by the reserred quo- 
tient for a second dijisor. Divide, add 1 to the quotient, and 
multiply by the ascertained root for the true root nearly. If 
greater accuracy is desired, repeat the process with the root thus 
found. 

By this rule, the number of figures in surd roots, may generally 
be tripled at each operation. 

BXAMPLB. 

The following is the application of the rule, in extracting the 
6th root of 659901. 

Ascertained root 14. 

14S =s 587824 giyen no. 659901 

index 5 14* =^537824 



dividend 2689120 1st diyisor 122077 

2689120 -s. 122077 ^ 22.02806, reserred quotient 

reserred quotient 22.02806 

6 



182.16886 
index + 1 6. 

second diyidend 188.16886 

6 X reserred quotient = 182.16886 
4x5 — 2:^18. 



150.16886 
Multiply by 22.02806 



2d diyisor 8807.91764 
188.16886 -A- 8807.91764 = .041768 

1.041768 X 14 = 14.584752, approximate root, 
correct to the fourth decimal place. 

This contraction is of use in extracting the higher roots. Any 
root below the 10th may be obtained in the usual way, nearly as 
readily, and with much greater accuracy. 
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00. Examples in Approximation. 

1. Multiply 11817.98642 by 2581.86, and reserre two decimal 
places. 

2. IHnde 2704.1583 bj 861.8901. 

8. IHnde 4.8097 bj 18.6i5843. 

4. What are the approximate yalaes of .785898, wMcIl is nearly 
the ratio of the area of a circle, to that of its circamscribing sqaare f 

6. Form infinite continued fractions, equiyalent to 15 ; to 7 ; to 
20; to5j^. 

6. Determine the Talue of the infinite fraction ^ ^-^ ^. 

7+ 7+ 7+ 

Aru. }. 

7. Express in the form of a continued fraction \/l9; (18)}; 

8. Find t^e 5th root of 729. Aru, 8.78719. 

9. Extract the 17th root of 1.004. Ana, 1.00028. 



*•*• 



XXII. PROPERTIES OF NUMBERS/ 
100. Properties of Squares and Cubes. 

1. Etxbt square number terminates in 1, 4, 6, 6, or 9, or in 
an eyen number of ciphers preceded by one of these figures. If 
a square number ends in 1, 4, 6, or 9, the last figure but one will 
be eyen, but if it ends in 6, the preceding figure will be odd. If 
a square ends in 5, it will end in 25, and ;the figure preceding 
25 must be even. 

No square ihimber can end in two eyen di^ts, except two 
ciphers, or two fours. No square number can end in three equal 
digits, except three fours ; nor in more than three equal digits, 
unless they ^are ciphers. 

' Hutton, Barlow, and priyate sources. 



814 PBOPEBTIES OF NUMBERS. [ART. XXII, 

2. Eyerj sqaare number is diTisible by 8, or becomes so when 
diminished by !• The same remark may be made of 4. If 1 be 
deducted from any odd square number, the remainder -will be 
diyisible by 8. If a square be either multiplied or divided by a 
square, the product or the quotient will be a square. 

8. Every number is either a square, or is divisible into two, 
three, or four squares. 

4. Every power of 6, or of any nuihber terminating in 6, neces- 
sarily ends in 5. A similar remark may be made of 1, and 6. 

6. Assume any two numbers whatever ; then one of them, or 
their sum, or their difference, must be divisible by 8. 

6. If the sum of two squares forms a square, the product of 
their square roots will be divisible by 6. 

7. If 1 be added to the product of two numbers whose differ- 
ence is 2, the sum will be the square of the intermediate number. 

8. If a cube be divisible by 6, its root will also be divisible by 
6. And if a cube, when divided by 6, has any remainder, its root 
divided by 6 will have the same remainder. 

9. All exact cubes are divisible by 4, or can be made so by add- 
ing or subtracting 1. The same remark may be made of 7, and 9. 

10. The <sube root of any exact cube, consisting of not more 
than six figures, may be determined by inspection. Divide the 
number into periods, (as in the usual mode of extracting the cube 
root,) and to the root of the greatest cube contained in the first 
period, affix the root of the cube that terminates in the right hand 
figure of the second period. 

11. If a cube terminates in ciphers, the number of ciphers must 
be divisible by 8. 

12. Any square may be divided into two other squares, in the 
following manner :— 

Assume any two numbers at pleasure, and by their product 
multiply double the root of the g^ven square, for a numerator. 
Take the sum of the squares of the assumed numbers for a de- 
nominator. The resulting fraction will be the root of one of the 
squares sought. Subtract the square of this root from the 
given square, and the remainder will be the other square re- 
quired. 
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18. If we add the cubes of tke series, 1, 2, 8, 4, commenoing 
at the beginning, and taking any number of terms whatever, the 
sum will always be a square. Thus, 14-8 = 9; l-|-84-27=3 
86; 1 + 8-1-27 + 64 ±=100. 

14. If we write down the series of squares of the natural num- 
bers, and take the difference between the successiye terms, and 
the difference of these differences, the second differences will 
always be 2, as may be seen below: 

Squares, 1 4 9 16 25 86 

IstDiff. 8 5 7 9 11 

2dDiff. 2 2 2 2 

15. If the suoeessiye differences of the series of cubes be taken, 
the third differences are always 6, »= 1 x 2 x 8, as may be seen 
below : 

Cubes. 1 8 27 6i 125 216 

IstDiff. 7 19 87 61 91 

2dDiff. 12 18 24 . 80 

8dDiff. 6 6 6 

16. The fourth differences of the series of fourth powers are 
always equal tolx2x8x4'=24; the fifth differences of the 
series of fifth powers are always equal tolx^X 8x^X5 = 
120 ; and so on. ^ 

BXAMPLBS. 

1. By which of the foregoing rules do you know that neither 
of the following numbers can be a square ? 952 ; 827 ; 1814 ; 
2796; 8725; 808; 711; 566; 299; 25000; 884; 779; 420; 
47800. 

2. Biyide 24 into three squares. Ans. 16 + 4 + 4. 
8. Find four square numbers, whose sum will make 80. 

4. If you divide the cube of 8709512863 by 6, what will be the 
remainder ? 

5. By what rules do you know that neither of the following 
numbers is an exact cube? 87042; 14284; 780176; 4080000; 
51858. 

6. Determine by inspection, the cube root of each of the fol- 
lowing exact cubes. 12167; 21952; 103828; 39304; 42875; 
97886 : 79507 ; 182651 ; 24389. Am. 23 ; 28 ; 47, &o. 
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7. DiTide 49 into tiro other Bqasres. 

^n,. Assuming 2 and 8 ;r<^2<iiy = !25?, 49-7056 ^m£. 
* '^4+9-^ 169 169 169' 

A«inming 1 and 8; ri2<iiV- ^1^; 49-12644 __19448l 

V.14.64/ — 4226 4225 ~ 4226 ' 

&6. &C. &0. 

10 !• Prime and Composite Numbers. 

Every number that cannot be diyided by any other number, 
(except 1,) without a remainder, is called a pbimb numbbs. 

Two or more numbers that haye no common diyisor, are said to 
hejmme to each other, Eyery prime number is prime to all other 
numbers except its own multiples. 

There are no known means of determining at once whether a 
proposed number is a prime ; but the following properties and 
rules will enable us to determine all the divisors of any number. 

1. 2 is a factor of all numbers terminated by 0, 2, 4, 6, or 8. 
For, as 2 will divide 10, it will also divide any number of tens, or 
any number of tens plw 2, 4, 6, or 8. Numbers divisible by 2 
are called byxn ; all others, odd numbers. 

2. 6 is a factor of all numbers terminated by or 6. ' For, as 
6 will divide 10, it will also divide any number of tens, or any 
number of tens pltu 6, 

8. 8, or 9, is a factor of all numbers in which the sum of the 
figures is exactly divisible by 8, or 9. For, if from any power of . 
10, as 10, 100, 1000, &c., we subtract 1, the remainder consists 
entirely of 9's, and is, therefore, divisible by both 8 and 9. 
Hence, any power of 10 is divisible by 3 and 9 with 1 remainder; 
therefore, any number of tens, hundreds, thousands, &c., dimi- 
nished by as many units, will be divisible by 3 and by 9. Let us, 
then, examine the number 84794. 8 ten thousands — 8 ; 4 thou- 
sands — 4; 7 hundreds — 7; 9 tens — 9; and 4 units — 4; each 
divided by 8 or 9, give no remain&er. Therefore, 84794 — 8 — 4 
— 7 — .9 — 4, is divisible by 8 and by 9, and if the sum of the 
numbers subtracted, or in other words, the sum of the digits, is 
similarly divisible, the number itself will be so. 

4. 11 is a factor of all numbers in which the sum of the odd 
digits, (the 1st, 8d, 6th, &c.,) and the sum of the even digits, (the 
2d, 4th, 6th, &c.,) are equal, or their difference is some multiple 
of 11. For any number of tens, thousands, hundred thousands, 
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&c., (wMoh represent the eren digits,) increased by as many 
units, will be diyisible by 11. Any number of hundreds, teii 
thousands, m^ons, &c., (which represent the odd digits,) dimi- 
nished by as many units, will also be divisible by 11. Take, then, 
the number 636178. 6 hundred thousands + 6 ; 8 ten thousands— 
8; 5 thousands +5; 1 hundred — 1; 70-|-7; and 8 — 8; each 
divided by 11 give no remainder. Therefore, 685178 — 18 -|- 7 or 
635178 — 11, is divisible by 11, and 685178 itself must be so. 

6. 4 is a factor of all numbers, in which the two terminating 
figures are divisible by 4. For, aa 4 will divide 100, it will also 
^divide any number of hundreds, or any number of hundreds 
jfltu any number of units divisible by 4. 

6. 25 is a factor of all numbers terminating in 25, 50, 75, or 
two leros. For, as 25 will divide 100, it will also divide any 
number of hundreds, or any number of hundreds plus 25, 50, 
or 75. 

7. Every number that is divisible by two or more numbers' 
prime to each other, is divisible by their product. Take, foi^ 
example, 105, which is divisible by both 8 and 5. This number 
may be resolved into the factors 5 X 21 ; 5 x 21, must therefore 
be divinble by 8. But as 3 vdll not divide 5, it must divide the 
other factor 21, and the number may be resolved into the factors 
6 X S X 7 or 15 X 7. Hence we deduce the following additional 
properties. 

8. Every even number that Is divisible by 8 is also divisible by 
6 ; and every even number that is divisible by 9 is also divisible 
by 18. 

9. Every number divisible by 8 or 9, in which the two termi- 
nating figures are divisible by 4, is divisible by 12 or 86. 

10. Every number divisible by 8 or 9, whose terminating digit 
is or 5, is divisible by 15 or 45. 

11. Every prime number greater than 2, is one greater or one 
less than some multiple of 4. 

12. Every prime- number greater than 8, is one greater or one 
less than some multiple of 6. 

18. Every number that has no prime factor, equal to or less 
than its square root, is itself a prime number. For the product 
of any two factors, each greater than the square root of a number, 
irould evidently be greater than the number itself. Thertfore, if 
wt aUimpi th* drntion of any n^ppond prime, hy^oU the prima leu^ 
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thsm, iti tquar€ root, and diseover no factor, the number is itself a 
prime, 

TO riND AI^ THE DIVISORS OF A NUMBER. 

What numbers will diyide 6940 without a remainder ? 

We first resolve the number into all its prime factors^ n 5040 
by commencing with 2 and dividing as often as possible, 2 2970 
by each of the prime numbers in succession. We thus 8 1485 
find that 5940=2» x 8» X 6 X ll,or2 x 2 X 3 X 3 X ^ 496 
8 X 5 X !!• It ™*y» therefore, have as many compos- g ^^^ 
ite divisors as we can form distinct products of these j^ n 
prime factors. In order to determine all the possible 1 

products, we arrange 1, with the powers of the factor 
that is employed the greatest number of times, in a horizontal 
line. We then multiply each of the numbers in the first line, by 
each of the powers of another factor ; each of the numbers of 
the preceding lines, by each of the powers of a third factor, &c., 
as in the following table. 

1 8 9 27 = 8» 



2 


6 


18 


64 = 83x 2 


4 


12 


86 


108= 88 X 2< 


5 


16 


46 


186 = 83 X 6 


10 


30 


90 


270 = 83 X 2 X 5 


20 


60 


180 


640 — 83 X 22 X & 


11 


. 33 


99 


297 = 8» X 11 


22 


66 


198 


594 = 88 X 2 X 11 


44 


182 


896 


1188 — 8»X 2«X 11 


66 


165 


496 


1486 = 88 X 6 X 11 


110 


830 


990 


2970 — 33 X 2 X 6 X 11 


220 


660 


1980 


5940 — 8« X 2« X 6 X 11 



The numbers of the first line having been arranged as directed, 
we multiply them separately by 2 and 2^ . 

All the numbers of these three lines, are multiplied by 5, which 
gives us three new lines of divisors. 

All the numbers of these siz lines are multiplied by 11, which 
gives us siz new lines of divisors. We thus obtain 48 numbers 
that will divide 6940 without a remainder, and an examination 
of the table will show that these are aU the divisors, since the 
prime factors are combined in every possible -^ay. 

We are able to determine without actual trial, the number of 
exact divisors of any givMi number. By the foregoing table w« 
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peroeite thftt 8« had 4, or 8 + 1 divisors. 8» y 2* has 12, or 

S+TT x'2+^1. 88 X 2« X 5 has24or 8 -f- 1 x 2"+~l X MTI. 
In like manner each new factor can be multiplied by all the 
preceding diyisors, as many times as are equivalent to the expo- 
nent of its power, thus forming so many new divisors to be added 
to the preceding. Hence, for finding the number of divisors of any 
given number, we have the following 

RULE. 

Add 1 to the exponent of each of the prime factors of the given 
number, and multiply together the exponents thus increased. The 
product thus obtained, is the number of divisors sought. 

If a&y other number than 10 were adopted as the base of a 
system of numeration, the number preceding the base would have 
the* same properties as the figure 9 in our present system. For 
example, 1188, expressed by a scale of 8 would be 2287. The 
sum of the digits 24-2-1-8-1-7 = 14 being divisible by 7, the 
number itself is so divisible. 

A. perfect number is one that is equal to the sum of all its aliquot 
parts. Thus, 6, the aliquot parts of which are 1, 2, and 8, is a 
perfect number, because 1 4. 2 4- 8 = 6. The following are the only 
perfect numbers known : 

6, 28, 496, 8128, 88560386, 8589869056, 187488691828, 
2305843008189952128, 2417851689228158887784576, 
9903520314282971830448816128. Every perfect number must ter- 
minate either in 6 or in 28. • 

Two numbers are said to be amicabUy when each is equivalent 
to the sum of all the aliquot parts of the other. Thus, 220 and 
284 are amicable numbers, because 220 = 1 + 2 4- 4 -|- 71 4- 142, 
which are the aliquot parts of 284, and 284= 1 4- 2 -f- 44- 6 -f- 
10 4. 11 4. 20 4. 22 4. 44 4- 66 4- 110, which are the aliquot parts 
of 220. There are very few amicable numbers known. 

EXAMPLES. 

1. Which of the foUowing numbers are prime ? 783 ; 949 ; 917 ; 
619; 1009; 1001; 989; 11571. 

2. Find aU the prime factors of 780 ; 468 ; 8944 ; 6972 ; 1849; 
2809 ; 888 ; 15664. 

8. Find all tiie divisors of 94800; 21100; 6922. 
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4. How many ditison has 20786? 44100? 29930? 5940? 
16884? 15809? 

5. Show that if 7 were adopted as the base of a numerical 
scale, 548712 would be expressed in such a manner that the sum 
of its digits would be diTisible by 6. 

6. ProYe that 137488691828 is a perfect number. 

7. ProYO that 17296 and 18416 are amicable numbers. 

8. ProYe that 9863584 and 9487056 are amicable numbers. 

9. Show that 120 and 672 are each equal to half the sum of 
their aliquot parts. 

103« FiGURATE Numbers. 

Figurate, or polygonal numbers^ are formed by adding the suc- 
cessiYe terms of an arithmetical series. 

Thus, if we add the successiYe terms of the natu- 

ral series, 1, 2, 8, 4, 5, 6, 7, &c., we obtain the * * * 
figurate series 1, 8, 6, 10, 15, 21, 28, &c., which are . ' ' ' 

called triangular numbers^ because they can always • • 

be arranged in the form of an equilateral tri- . * . ' . ' . 
angle. 

If we take the arithmetical progression 1, 8, 5, 7, * * 

9, &c., in which the common difference is 2, we ob- * * ' 

tain the figurate series, 1, 4, 9, 16, 25, &c., which * - ■ 
^re called aquare numbers, because they can always * * ' 
be arranged in the form of a square. 

Th^ arithmetical progression 1, 4, 7, 10, &o., in which the^ 
common difference is 8, furnishes the figurate series 1, 5, 12, 22, 
&C.) which are csM^d pentagonal numbers, because they can always 
be arranged in the form of a polygon with fiYe sides. 

In a similar manner are produced the hexagonal, heptagonal, 
octagonal, and other figurate series, the number of sides of the 
polygon in which tho numbers can be arranged, being always 
two greater than the common difference of the arithme^cal pro- 
gression from which they are deriYod. 

EXAMPLES. 

1. Find the first 20 triangular numbers. 

2; What are the first 20 pentagonal numbers ? 

8. What are the first 10 hexagonal numbers ? 
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4. Find the first 10 dodecagonal numbers. 
6, Find the first five 17-gonal numbers. 

103. The Fundamental Bules. 

It may readily be perceived that the rules of Arithmetic merely 
indicate convenient modes of obtaining a desired result, and that, 
in many cases, a yariety of processes will suggest themselyes, 
either one of which will serre our purpose. 

Bat it may at first seem incredible, that the sum of any number 
of quantities can be obtained without addition ; the difference of 
two numbers, without subtraction ; the product of two numbers, 
without multiplication ; and the quotient of two numbers, without 
dlTision. Yet such is the case, and the following rules are not 
only interesting f^om their curiosity, but f^om the connexion 
which they show between the several operations that may be per- 
formed upon numbers. 

I. To obtain the mm of a series of numbers, by stibtraciion. 

Assume any number larger than the required sum, and from 
the assumed number subtract in succession each of the giyen 
numbers. Subtract the final remainder from the number first 
assumed, and the result will be the sum required. 

Example.— Find the sum of 69, 93, and 287. 

Assume 1000 1000 

69 601 PBOOP. 



931 899 Ans. 1000— (1000—69 — 98—237) =» 

98 694-98 + 287. 

838 
237 

601 

n. 2b find the difference of two numbers, by multipUcaiion and divisUm. 

Write nine times the subtrahend under the minuend, and add 
each figure of the upper number to the figures in the same place 
and all the inferior places of the lower number, carrying as in 
ordinary addition. Proceed in this manner, stopping at the figure 
that falls immediately under the left hand figure of the minuend, 
and the result will be the difference sought. 

Example. — ^Required the difference between 874 and 10t67. 
21 
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74.6 = 18; 1 to corry + 6 + 6-4-6=18; 10767 
1 to carry +7 + 8 + 6 + 6 = 28; 2 to carry 7866 = 9 x 874 
4,0 + 7+8 + 6 + 6=29; 2 to carry + l+ 09883 ^fw. 
74,8 + 6 + 6 = 80, but as the faUs under 
the left hand figure of the minuend, we stop, there, and find the 
true remainder to be 9888. 

III. To find the product of two numbers hy addition^ mbtrattion and 

division. 

BesoWe either factor into a number of submultiples of some 
power of ten, which submultipleb, when combined, either by 
addition or subtraction, will reproduce the original factor. 

Write 1 as a common numerator, and the submultiples as de> 
nominators of a series of fractions, and divide the other factor 
by the .decimal expression for each of the fractions thus formed. 
The several quotients, combined in the same manner as the original 
submultiples, will give the product desired. 

Example. What is the product of 6769 x 2841 ? 
6769 = 6000 + 600 + 260 + 20 — 1. 

IfoVu + zh + 56U + ift ~ T = .0002 + .002 +.004 4. .06-1 

mh + %%'i + ^iftrV + ^.SJ^ - ^¥-* = 16389729 Ans, 

IV. To find the quotient of two numbers, by addition and mtUHplication. 

1. Employ ^ a multiplier, the difference betweeti the given 
divisor, and the least power of 10 which is larger than the divisor. 

2. Write the first figure of the dividend in the quotient, and 
add the product of the first dividend figure by the employed mul- 
tiplier, to as many of the succeeding figures as are equivalent to 

^the number of figures in the divisor. If the sum has a greater 
number of figures than the divisor, write the left hand figure under 
the figure in the quotient, and proceed as before, until a sum is 
obtained having the same nunkber of figures as the divisor. 

8. To this sum annex the remaining figures of the dividend. 
Place the left hand figure of the result as the second quotient 
figure, and proceed as in paragraph (2). Continue this process 
until all the figures of the dividend have been employed. 

4. Add the several figures in the quotient, and cut off from the 
right hand as many figures as there are in the divisor. The 
figures so cut off will represent a remainder; the remaining 
figures are the quotient. 



/; 






\ 
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[If the remainder is larger than the dlTisor, snbtraot the 
divisor as often as possible, and increase the quotient by a 
number equivalent to the number of subtractions. 

K the divisor is contained two or more times in the next larger 
power of 10, the quotient may be obtained more readily, by 
employing as a multiplier the difference between some power of 
10 and the greatest multiple of the divisor contained in it. The 
quotient thus found, should be multipled in the same manner at 
the original divisor.] 

ExAMPLB 1. Required the quotient of 284176 by 89. 

100 — 89 = 11, th^ employed multiplier. 
284176 ( 2182 
11X2= 22 11 



11X1- 


106 8192 
11 


11X1 = 


17176 
11 


11X8- 


8276 
88 


11X1 = 


115 
11 


11X2 = 


266 
22 



Am. 8192§|. 



87 

The several multiplications and additions may be made men- 
tally, and the quotient thus obtained by employing very lew 
figures. If the divisor is very near some power of ten, or a sub- 
multiple of any number which is but little smaller than some 
power of ten, the quotient can be obtained in this way with great 
facility. 

Example 2. Divide 678612 by 9. 67861 2 

68634.6 
1 1 



Afu. 68734| 

Examples. Divide 47281591 bys 997. 47281 691 

Ant. 47423|5ij. 47428.860 

When the divisor consists entirely of 9*8, the following rule for 
obtaining the quotient will be found more convenient: 
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RULE FOR DIVIDING BY 9'8. 

When the divisor consists of any number of 9*s, increase it by 
1, for a new diyisor. Divide the dividend by this new divisor. 
By the same divisor, divide the integers of the quotient, and pro- 
ceed in a similar manner, until a quotient is obtained less than 
the divisor. Add all the quotients together, observing the number 
of units carried firom decimals to integers. Add this number to 
the right hand decimal figure, and the integers will represent the 
quotient, and the decimals the remainder. When all but the 
units figure of the divisor are 9*s, increase the divisor by the 
difference between the units figure and 10, and divide as above 
directed, multiplying each quotient after the first, by the number 
added to the divisor. Multiply the number carried from decimals 
to integers, by the number added to the divisor, and add the pro- 
duct to the decimals for the true remainder. If this increased 
remainder exceeds the divisor, increase the quotient by 1, and 
subtract the divisor from the remainder for the true remainder. 

Examples fob Illustration. 

Divide 8905478 by 999. The divisor, 

increased by 1, is 1000. Dividing by the ^^q^ ^yg 

rule, and adding the quotients, we obtain 8.905 

8914.886. There being 1 unit to carry 8 
from decimals, we add 1 to the right-hand 8914.886 
decimal figure, and find the quotient is i 

8914.887. 8914.387 quotient 

This rule is founded on the decimal value of ^^i^, and it wiU 
be easily seen that the process is nearly the same as in the mul- 
tiplication by .OOiOOi +. In dividing the numerktors of frac- 
tions obtained by the multiplication of circulating decimals, the 
rule will often be of use. 

Divide 1549688144 by 9991. The 

divisor, increased by 9, is 10000. Di- 154963.8144 

Tiding first by this number, we multi- ■^^^*i261 

ply the integers of the first quotient 

by 9, writing the first figure of the 155108.4062 

product under the right hand decimal 1 X 9==9 

figure, which is equivalent to multi- .4071 remainder, 
plying hf 9, and dividing by 10000. 
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We multiply the integers of tiiis second number, and irrite tliem 
in the same manner, and add the seyeral numbers together. 
There being 1 unit to carry from decimals, we multiply it by 9, 
and add the product to 4062, which gives 4071 for the true 
remainder. 

The foregoing rules furnish us with a general method for deter- 
mining whether any number is diTlsible by any other giyen num- 
ber, without actually performing the diyision. 

■ZAUPLES. 

1. Find by subtraction, the amount of 1690, 84, 207, 168, and 
4498. 

2. Find by multipHoation and addition, the difference between 
847 and 10082 ; between 19804 and 2973. 

8. Multiply 764 by 1972, by Case HI. 

4. Divide 21709 by 837, by Case IV. 

6. Divide 684291708 by 9 ; by 97 ; by 99 ; by 996 ; by 990 ; 
by 999 ; by 9999. 

104. Curious Problems. 

1. To add a column of numbert at a glance. 

The numbers to be added should be arranged in pairs, each 
member of the pair being the arithmetical complement of the 
other. The key line may be written in the middle, and the sum 
of the whole may be found by prefixing the figure which repre- 
sents the number of pairs, to the key line. - For example, if we 
first write the three numbers, 4719082, 8604227, 4719082 
1518729, and reserve the third as a key line, then 8604227 
take each figure of the second number from 9 except 1518729 
the right hand figure, which we take from 10, we f a^^^q 
obtain a fourth number, 6895778. Proceeding in a o^^^'^o 
similar manner with the first number, we obtain 21518729 
6280918 for our fifth number, thus completing two 
pairs besides the key Une. Then prefixing 2 to the key line, we 
obtain 21518729 for the sum of the five liumbers. 

It will be more difficult to detect the method pursued, if we 
subtract each figure of one of the numbers from 8, except the 
right hand figure, which we take from 9. Each figure of the key 
line must then be diminished by 1 . Other Tariations may be madft 
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in the prooeM, and the position of the key line in the column msy 
be altered at pleasure. 

2. To teiliwo or more numbers wMek a person has thought of, neUhet 
, number being greater than 9. 

Direct the person to doable the first number thought of, add 1 
to the product, multiply the sum by 5, and add to the psoduct tho 
second number. If there be a third, let him double the first sum, 
and add 1 to it, multiply by 6, and add the third number. Thus 
proceed for each additional number thought of. Finally, if there 
were but two numbers thought of, direct him to subtract 5 from 
the result; if three, 65 ; if four, 666, and so on. The remainder 
will be composed of the figures thought of, in their proper order. 

For example, suppose the numbers thought of to be 2, 2, 8, 9. 
2x24-1=6; 6x6=26; 264-2=27; 27 X 2 4- 1 =65; 66 
X 6 = 276; 2764^8= 288; 288x24-1=567; 567x6 = 
2885; 28854-9=2844; 2844 — 655 =» 2289, the figures of 
which indicate, in their order, the four numbers thought of. 

8. What is the product of £11 11». lid, by £11 11«. ll<f.? 

Questions similar to this are to be found in many of the old 
arithmetics, and different answers haye been given, according to 
the different yiews of the proposers. But in reality the problem 
is absurd, the error consisting in the supposition that applicate, 
or concrete numbers, are capable of being multiplied together. 
The thorough arithmetician should never lose sight of the fact, 
that all the operations of arithmetic are performed on abstract 
numbers. We say, indeed, that the area of any rectangular sur- 
face is found by multiplying the lengtii by the breadth ; but this 
is merely a conyenient expression, adopted to ayoid circumlocu- 
tion. Our meaning is, that if we multiply the numbbb of feet in 
the length, by the numbbb of feet in the breadth, the product 
will represent the itumbbb of square feet in the area. So in 
geometry, when we say AB x 67>» the rectangle AD, we mean 
that if the line AB were repeated for eyery point of the line CD, 
we should haye the surface AD, 

If it were possible to form a product of concrete numbers, we 
should be obliged to call the product of 1£ by 1£, 1 square 
pound; Is. X Is., would then be 1 sgwxre shUling; Id. X ld.= 1 
square d, ; Iqr. X Iqr., =« 1 square qr. 1 sq, £ would then be equal 
to 400sq, t. / Isq.s,^ 144 «^. d. ; Isq, d.^ 16 sq, qr. ; and the 
product of £11 lis. lid. by £11 lis. llcL, would be 184 sq. £ 
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185 sq. s. 49 sq. d. The impossibility of conceiying of a tgucar* 
pound, a square shWing, or a square penny, shows at once the 
absurdity of the original question. But the investigation is a 
useful one, both because it furnishes exercise in an intricate kind 
of multiplication, and because it shows the error of the very 
prevalent idea, that dollars, cents, and mills, can be multiplied by 
dollars, cents, and mills. 

The number of curious problems might be extended indefi- 
nitely, if our limits would allow. The few here given may suffice 
to excite an interest in such investigations, and lead the pupil tc 
exercise his own ingenuity, and to consult the works of authors 
who have treated the subject more fully. 
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XXIII. MISCELLANEOUS PKOBLEMS. 

1 OS. Chbonoloqy. 

According to the Julian Calendar or Old Style, the 
solar year was considered as being 365 days and 6 hour^. 
The 6 hours in 4 years amounted to a day, therefore every 
fourth year was called a Leap Year, and consisted of 366 
days. 

But the true solar year is about 11 minutes less than the 
Julian year, and on this account, in 1582, it was found 
that spring commenced 10 days later than at the estab- 
lishment of the Julian Calendar. Pope Gregory XIII., 
therefore, caused ten days to be taken out of the month of 
October in that year, and to prevent the recurrence of a 
similar variation, he ordered that the centurial years should 
not be regarded as leap years, unless the number of cen- 
turies were divisible by 4. 

T)iis computation, which is called the Gregorian or New 
Style, was soon adopted in the greater part of Europe; 
but in England and America, the change was not made 
until 1752, when the error had amounted tc eleven days. 
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It was then ordered that the 3d of September should be 
called the 14th; and the Gregorian calendar adopted for the 
fdtore. In Bussia^ the Old Style was retained until the 
year 1830. 

One of the first seven letters, A, B, C, D, E, F, G, is 
attached to every day in the year; thns A is applied to Jan. 
1st, 8th, 15th, &o. ; B, to Jan. 2d, 9th, 16th, &c. ; C, to 
Jan. 3d, 10th, 17th, &c. In this manner all days in any 
year which have the same letter, feill on the same day of 
the week. The dominical letter for any year is the letter 
that falls against all the Sundays. Thus, the 6th of Janu- 
ary, 1850, fell on Sunday, and the dominical letter was, 
therefore, the 6th letter, or F. But in leap year there are 
two dominical letters, the first for January and February, 
the second for the remainder of the year. 

problems. 

I. To find the dominical letter for any year, according 

to the Julian or Old Style. 

To the given year add one fourth of itself, plus 4, and divide 
the sum by 7. If there is no remainder, the dominical letter 
is G; if 1 remainder, F; and so on in inverse order. If 
the given year be leap year, the letter thus found will be 
the dominical letter for the last 10 months, and the next 
following letter, for the remainder of the year. 

What was the dominical letter for A. D. 1531 ? 

To the given year, we add ^^'^c'* 7©*^ 1531 

one fourth of itself, (rejecting o^^e-fourth 882 

the fraction,) and 4. Dividing 

this sum by 7, we have a re- * 7 ) 1917 

mainder 6, which indicates 273 +6 remainder. 

that the dominical letter 

sought is the 6th from G, counting in retrograde order, which 

is A. 

What were the dominical letters for A. D. 664 ? 
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Th6 remainder 2 indicates that ihe deminical 664 
letter is the 2d from Gt, or E. But the year being 141 

leap year, the dominical letter for January and 2. 

February, will be the next following, or F. The 7 ) 709 
two letters sought are therefore F, E. ToT-i- 2 

If the given year were before the Christian era, the 
remainder wonld indicate the direct order of the letters. 
ThuS; 1 denotes A ; 2 denotes B ; 5, E, &c. 

H. To find the dominical letter for any year, a>ccord%ng 
to the Gregorian or New Style. 

Divide the centuries by 4, and take the remainder from 
3. Add twice this remainder to | of the odd years, and 
divide the sum by 7. If there is no remainder, the domi- 
nical letter is G ; if 1 remainder, F, &c., as in the preceding 
rule. 

What is the dominical letter for 1895 ? 

4) 18 cent 

Diyiding 18 centuries by 4, the remainder 731 o 

is 2. Taking this remainder from 8, we 8 2^1 

have a remainder of 1. Twice 1 added to 2x1 = 2 

95 years plus } of 95, (rejecting the fraction,) Odd years 95 
gives 120, which, diyided by 7, gives a re- 

mainder 1, indicating that the dominical 7 ) 120 

letter is the 1st before G, which is F. 17 i j 

m. To find the day of the week corresponding to any 

given day of the month. 

The dominical letter found by one of the preceding 
rules, will indicate the day on which the first Sunday in 
January will fall. The day of the week for the correspond- 
ing day of each succeeding month, may be found by the 
initials of the following couplet : — 

At Dover Dwell George Brown, Esquire, 
Good Captain French, And David Friar. 

On what day of the week was the Declaration of Independence 
signed? 



i 
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The dominical letters for 1776 were G, F. Therefore, the first 
Sunday in January was the 7th of the month. Then A repre- 
senting the 7th Jan., D would represent thft 7th Feb. ; D the 7tb 
March ; G the 7th April ; B the 7th May ; E the 7th June, and Q 
the 7th July. But 1776 being a Leap Year, the dominical letter 
after February is one day earlier in the month, and a day of the 
month which would otherwise be represented by G, will be repre- 
sented by A or Sunday. The 7th July, therefore, came on Sunday, 
and the 4th on Thursday, 

The initials 0. S. denote the Old Style. In all cases not 
thus marked; the New Style is understood. 

EXAMPLES. 

1. Washington was born on the 22d Feb. 1732. What 
was the day of the week ? Am, Friday. 

2. The pilgrims landed at Plymouth, Dec. 11, 1620. 0. 
iS. What was the day of the week ? Ans, Monday. 

3. The Battle of Waterloo was fought June 18, 1815. 
Is it probable that a letter, purporting to have been written 
at the time, and dated Friday, June 18, is authentic ? 

Ans. No ; because the battle was fought on Sunday. 

4. Constantine Paleologus was the last Cliristian Emperor 
of Constantinople. On the 29th of May, 1453, the city 
was taken by the Turks, the Emperor Constantine killed, 
and Mohammed II. ascended the throne, thus founding the 
present empire of Turkey in Europe. What was the day 
of the week ? Ans. Tuesday. 

Contemporary Princes, 

FBOM EGBERT TO QUEEN YICTOBIA. 

The following table is compiled principally from Wade's British 
History. The teacher will find in it the materials for a great ya- 
riety of Chronological questions. 

In order to determine the date of the commencement of each 
reign, add the number following the name to the number at the 
head of the column. Ex. : Ethelwolf, 886 ; Athelstan, 925. 
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800. 



900. 



Enoland. — Effbert ; E- 
thelwolf, 36; Ethel- 
bald, 57 ; Ethelbert, 60 : 
Ethelredl.,66; Alfred 
the Great, 72. 



ScoTLAifs. — AchaiuB, 
787; Congale III., 19; 
Alpin,3i; Kenneth 11., 
34 ; Donald V., 54 ; 
Constantine II., 58 ; 
Ethns, 74 ; Gregory the 
Great, 75; Donald VI., 
92. 

F It AMCx . — Charlemt^ne; 
Louis I., 14; Charles 
the Bald, 43; Loais 
II., the Stammerer, 77 ; 
Lcuis III. and Carlo- 
man, 79; Charles the 
Fat, 84: Hugh. 88; 
Charles the Simple, 96. 

GxKMANY. — Charle- 
magne; Louis I., 14; 
Louis II., 43; Carlo- 
man, Louis III., the 
Younger, and Charles 
the Fat J 76; Arnold, 
87 ; Louis IV., the In- 
fant, 99. 

Spain. — Garcia I., 58 ; 
Fortunio, 80. 

Papal States. — Leo 
III., 795; Stephen V., 
i6; Paschal I., 17; 
Eugene II., 20; Va- 
lentine, 24 ; Gregory 
IV., 27; Sergius II., 
43; Leo IV., 47: Be- 
nedict III., 55; Nicho- 
las I., 58; Adrian II., 
66; John VIII., 73; 
Martin I., 83: Adrian 
III., 84; Stephen VI., 
85; Formosus,91; Ste- 
phen VII., 97. 
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CONSTANTIMOPLX. 

— ^Irene, 797 ; Nicepho- 
rus I., 2; Michael I., 
11; Leo v., 13; Mi- 
chael n.,20; Theophi- 
lus, 29; Michael III., 
42; Basil, 67; Leo VI., 
86. 
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Eno. — Edward the El- 
der, 1 ; Athelstan, 25 ; 
Edmund, 41 ; Edred, 
46 ; Edwy, 55 ; Edgar, 
59; Edw. the Martyr, 
75; Ethelred II., 78. 



Scot. — Constant. III., 1 ; 
Malcolm 1 ,38: Indul- 
phus, 58 ; Duphus, 68 ; 
Cullenus, 72 ; Kenneth 
III., 73; Const. IV., 
94 ; Grimus, 97. 



Fr.— Robert, 38; Ralph, 
23; Louis IV., 38; Lo- 
tharius, 54 ; Louis V., 
86; Hugh Capet, 87; 
Robert Uie Pious, 97. 



Gkr. — Conrad I., 11; 
Henry I., 19; Otho the 
Great, 36; Otho II., 
73; Otho III., 83. 



Sp. — Sancho I., 5: Gar- 
cia 11, 26; Sancholl., 
70: Garcia III., 94. 

Pa. St. — Romanus For- 
mosus and John IX., 1 ; 
Benedict IV., 5; Leo 
V. and Christopher, 6 ; 
Sergius 111,7; Anas- 
tasius, 10; Lando and 
John X., 12; Leo VI., 
28: Stephen VIII. ,29; 
John XI. 31; Leo VI I., 
36; Stephen IX., 40; 
Martin II., 43; Agn- 
pet II., 46: John XII., 
56: Benedict V., 65; 
John XIII., 66; Donus 
II. and Benedict VI., 
73; Benedict VII., 74; 
John XIVj 84; John 
XV., 85; John XVI., 
86; Gregory V., 96; 
Silvester II., 99. 

RxTs. — Ighor I. 13 ; Swa- 
toslaw I 45 ; Jaro- 
polk I , 72 ; Waldimer 
the Great, 80. 

Con. — Alexander, 11; 
Romanus, 19; Constan- 
tine VII., 45; Romanus 
II., 59; NicephorusII., 
63; John Zimisce8,69; 
Basil II. and Con. VIII., 
76. 



Eno. — ^Edmund Ironside, 
16 ; Canute the Great, 
17; Harold Harefoot, 
36; Hardicanute, 39 ; 
Edward the Confessor, 
41 ; HaTold II., 65 ; 
Wm. I.J the Conquer- 
or, 66; Wra II.Rufus, 
87. 

Scot. — ^Malcolm II., 4; 
Duncan, 34 ; Macbeth, 
40; Malcolm III., 57; 
Donald VI., 93; Dun- 
can U., 94; Edgar, 96. 

Fr— Henry I., 31; Phi- 
lip I., 60. 

Ger. — Henry II., the 
Saint, 2; Conrad .the 
Salic, 24; Henry III., 
39; Henry IV., 56. 

Sp. — Sancho III., the 
Great ; Ferdinand I , 
in Castile, 33 ; Garcia 
IV. in Navarre, Rami- 
rez I. in Arragon, 35 ; 
Sancho IV , Nav., 54 ; 
Sancho I., Arr., 63; 
Sancho I., Cast., 65; 
Alfonzo I., Cast., 72: 
Sancho V , Nav. and 
Arr., 76; Peter I., N. 
and A., 94. 

Pa. St Jno. XVII. nnd 

XVIII., 3: Sergius IV., 
9; Benedict VIII., 12; 
Jno. XIX., 24; Bened. 
IX., 33; Gregory VI., 
44; Clement II., 47; 
Damnsia II., 48; Leo 
IX., 49; Victor II. ,55; 
Stephen X , 57 ; Nicho- 
las II., 58; Alexander 
II., 61; Gregory VII., 
73; Victor III., 85: 
Urban II., 87; Pascal 
II., 99. 

Rus.— Swatopolk I., 15; 
Jaroslaw I , of Kiew, 
18 ; Isaslaw I., 51 ; 
Swatoslaw II., 73; 
Wse wolod I . , 78 ; Swa- 
topolk II., 93. 

Con. — Const. IX., nlone, 
25; Romanus III., 28; 
Michael IV., 34; Mi- 
chael V., 36; Zoe and 
Theodora, and Const. 
X., 42; Theodora, 54; 
Mich. VI., 56; Isaac 
I., 57; Const XL, 59; 
Eudocia and Rommus 
III., 67 ; Mich. VJI , 
7I;Nicefthoru8lII.,78; 
Alexius I., 81. 
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Emoland. — Henry I. 
Stephen, 36 : Henry II , 
M; Ricbara I., CoBuf 
de Lion, 80; John, 09 

Scotland. — Alexander 
L, 7; David I., JM 
Malcolm IV., 53 ; Wil- 
liam I., 65. 

France. — LoaiBVI.,the 
Gross, 8; Lonis VII., 
37; Philip II., 77; Au- 
gustus, 80. 

GxRMAKY. — HenryV ., 6 ; 
Lotharius II., the Sax- 
on, 25; Conrad III., 
38; Frederick I., Bar- 
baros8a.52; Henry YI., 
00: Philip and Otho 
IV., 08. 



Spain .—Alphonso I., N. 
and Arr., 4: Urraca, 
Cas., 0; Alpnonso II., 
Cas., 26; Garcia V., 
Nav., Ramirez II.,Ar., 
34; Petronillaand Ray- 
roondq, Arr., 37 ; San- 
cho VI., the Wise, N. 
50; Sancho II., Cast., 
57; AlphonsoII.jArr., 
62; Sancho VII., N., 
M; Peter II., Arr. 06. 

Papal States. — lelas 
11., 18; Calixtus II., 
10; Honorius II., 25; 
Innocent II., 30; Ce- 
lestine 11^43; Lucius 
II., 44; Eugene III., 
45: AnastaBiu8lV.,54; 
Adrian IV., 55; Alex. 
III., 50; Lucius III., 
181^ Urban III., 85; 
Gregory VIII., 87; Cle 
mentIII.,88; Celestine 
III., 01; Innocent III., 
06 

Russia.— Waldimir II., 
13; Mistislaw, 25; Ja 
ropolk II., 32; Wse- 
wolod II., 38; Isaslaw 
II., 46; Jurje I., 40; 
Andrej, 57; Michel 1., 
75; WsewolodIII.,77. 

Constantinople.— Jno. 
Comnenus, 18 ; Manuel 
Com., 43 : Alex*s Com., 
80 ; Anaronicus, 83 
Isaac II., 85; Alexius 
Angelus, 05. 
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Eno.— Henry III., 16; 
Edward 1., 7*2. 
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Scot. — ^Alexander 11. ,14 ; 
Alex. III., 45; Marga- 
ret, 86; John Bahol, 
88; Interregnum, 06. 

Fr. — Louis Vin., 23: 
Louis IX., (St. Louis,) 
26; Philip III., the 
Bold, 70; Philip IV., 
the Fair, 85. 

Ger. — Frederic II., 12; 
Conrad IV., 50; Wm. 
of Holland, 54; Rich'd, 
Duke of Cornwall, 57 ; 
Rodolph of Hapsburgh, 
73; Adolphus of Nas- 
sau, 02 ; Albert of Aus- 
tria, 98. 

Sp — James I., Ar., 13; 
Henry I., C, 14; Fer- 
din. III., C.,17; Theo- 
bald I ,N.,34; Alphon- 
so IV., C, 52; Theob. 
II., N., 53; Henry I., 
N., 70; Joanna I., N., 
74; Peter III_j Ar., 76 ; 
Sancho IV., C. 84 ; Al- 

Shonso III., Ar., 85; 
as. II., Ar., 01; Ferd. 
IVm C, 95. 
Pa. St. — Honorius III., 
17: Gregory IX., 27; 
Celestine IV., 41; In- 
noc. IV., 43; Alex. IV., 
54; Urb.IV.,62; Greg. 
X.,64; Clem. IV., 65; 
Innoc. v., Adrian V., 
and John XX., 76; Ni- 
cholas III., 77; Martin 
IV., 81 ; Honorius IV., 
85; Nirh. IV.,88; Ce- 
lestineV., 94 ; Boniface 
Vin., 05. 

Rirs. — Jurje II., 13 ; Con 
stantine, 17 ; Jaroslaw 
II., 38; Alexander, 45 ; 
New8Koi,50; Jaroslaw 
III.,62; Wasilejl..70; 
Dimitrej, 75; Andrej 
81; Danilo, 04. 

Con. — ^Isaac II. restored, 
3; Mourzoufie,4 ; Bald- 
win, 4 ; Henry, 6 ; Pe- 
ter, 17 j Robert, 10; 
John,with Baldwin II., 
28; Baldwin II., alone, 
37; Michael Paleolo- 
yuS)61 ; Andronicus,82. 
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Eno. — Edward II., 7; 
Edw.III.,27; Richard 
II., 77; Henry IV., 09. 

Scot. — Robert Bruce, 6 ; 
David II. ,20; Edward 
Baliol, 32; Robert II., 
70; Robert III., 00. 

Fr. — Louis X., K. of Na- 
varre, 14; Philip the 
Tall, K. of Navj 16; 
Chas. IV. (the Fair), 
K. of Nav., 22; Philip 
VI. (the Fortunate), 
28; John I., (the Good.) 
50; Chas.V.rtheWise), 
64; Chas. VI., 80. 

GxR.— Henry VII., 8: 
Louis of Bavaria, ana 
Fred, of Austria, 14 ; 
Chas. IV., 46; Win- 
ceslaus, 78. 

Sp.— AlphonsoV., C.,14; 
Alph. IV., Ar., 27; Jo- 
anna II., N., 28; Peter 
II., Ar. 36; Chas. II., 
N.,40; Peter I.. C, 50; 
Henry II., C, 60; John 
I.,C.,70; Charles III., 
N.,86; John I., A., 87; 
Henry III.,C., 00; Mar- 
tin, A., 05. 



Pa. St.— Benedict X., 3; 
Clem.V.,5; JnoXXI., 
16; Alex II , 27; Be- 
ned. XI., 34; Clem VI., 
42: Innocent VI., 53; 
Urban V., 63; Greg. 
XI., 71; Urban VI., 78; 
Boniface IX., 00. 



R u 8 . — Michailow, 5 ; 
Jurje III., 17; Iwan I., 
of Moscow, 28 ; Semen, 
40; Iwan II., 53; Dimi- 
trej II., 50; Dimit.III., 
63; Wasilej II., 80. 

Con — John Canta, 41; 
John Paleologus, 55; 
Manuel Pal., 01. 
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1400. 



1500. 



EirouLND. — ^Hen. Y., 13: 
Hen. VI., 33; Edward 
IV.. 61 ; Edw. V. and 
Richard III., 83} Hen. 
VII., 85. 

ScoTLARO.— James t., 5 ; 
James II., 37: James 
III., 60; JametIV.,87, 

Fkancx. — Charles VII., 
the Victor. 22; Louis 
XL, the Prudent, 61; 
CharlesVIII., the Affa- 
ble, 83 ; Louis XII., 96. 

GsBMAift.— Robert; Si- 
gismund, 11; Albert II., 
37; Frederio III., 40; 
Maximilian I., 03. 

Spain.— John II., Cast., 
6: Ferdinand I., Arr., 
12; Alphonso v., Arr.. 
16: Blanche, N^ ana 
John I., A., 25; Henry 
IV.,C.,54: Ferdin.Il. 
and Isabella, C, 74 ; 
Feh}. II., the Catholic. 
A., 70; Eleanor ana 
Francis Phoebue.Nav., 
79; Catharine, N., 83. 

Papal States. — Inno- 
cent VII., 4; Gregory 
XII., 6; Alexander v., 
9; John XXII., 10; 
Mart'**^'' (7; Eugene 
IV., tfl: Nicholas V., 
47; Calixtus HI., 55; 
Pius II., 58; Paul II., 
64; Sixtus IV., 71; 
Innoc.Vin.,84; Alex. 
VI., 98. 



Elf o— Henry VIII., 9; 
Edward VI., 47; Mary, 
53; Elizabeth, 58. 



Scot. — James V., 12; 
Mary, 42; James VI., 
67. 

Fr. — Francis I., 15; 
Henry II., 47; Francis 
II., 59; Charles IX.,60 ; 
Henry III., 74; Henry 
IV., the Great, 89. 

GxR. — Charles V. 19; 
Ferdinand I., 58; Max- 
imilian II., 64 ; Ro- 
dolph II., 76. 

Sp.— Charles I., 16 ; Phi- 
lip II., 56; PhUipIII., 



'^. 



RirssiA.— Wasilej HI., 
25; Iwan Wasilej III., 
68. 



CON8TANTIROPLX.-^JnO. 

Paleologus, 25; Con- 
stantine Paleol., 48 ; 
Mohammed II., 53; Ba- 
jazet, 81. 



Pa. St.— Pius III. and 
Julias II., 3; Leo X., 
13; Adrian VI., 22: 
Clement VII., 23; Paul 
III., 34: Julius III., 50; 
Marcellinus II., 55 ; 
Paul IV., 56; Pius 
IV., 59; Pius V., 66; 
Gregory XIII., 72 ; Six- 
tus V., 85; Urban VII. 
and Gregory XIV., 90 ; 
Innocent IX., 91 ; Cle- 
ment VIII., 92. 



1600. 



Great Britain. — Jas. 
I., 3; Charles I., 25; 
Cromwell, 53 ; Charles 
II., 60; James II., 85; 
Wm. and Mary, 89. 



Fr— Louis Xm., 10-, 
Louis XIV., the Great, 
43. 



GxR.— Mai thias.l2 [Fer- 
dinand II., 19; Ferd. 
III.„ 37; Leopold I., 

Oo. 

Sp. — Philip IV., 21; 
Charles II., 65. 



Pa. St.— Leo XI. and 
Paul v., 5; Greg. XV., 
21; Urban VIIl., 23; 
lnnoc.X.,44; Alexan- 
der VII., 55; Clement 
IX.,67: Clem.X, 70; 
Innoc. XL, 76; Alex. 
VIIL, 89; Innoc. XII., 
91. 



Rus.— Wasilej IV., 6; 
Iwan Wasilej IV^ 33; 
Feodor I., 84; Boris 
Godunow, 96. 



CoN.— Selim I., 12; So- 
lyman, 20; Selim II., 
66 ; Amurath, 74 ; Mo- 
hammed III., 05. 



RiTS. — Wasilej Schuis- 
koi,6; Mich.Fedrow- 
itsch, ]3; Alexej, 45; 
Feodor II., 76; Iwan 
v., 82; Pet. the Great, 
85. 

Con. — Achmed I., 4; 
Mustapha, 17; Osman 
I., 18; Mustapha re- 
stored, 22 ; Amurath 
IV., 23; Ibrahim, 40; 
Mohammed IV., 48; 
Solyman IL, 87; Ach- 
mea IL, 91 ; Mustapha 
IL, 95. 



884 



BUSOZLLAtrXOVS PBOBLBUS. [ABT. ZZm 



1700. 


1801. 


Great Britain. — Anne, 2; George 
1,14; Geo. II., 27; Geo. III., 60. 

Francr. — Louis XV., 15; Louis 
XVI., 74; Republic, 92. 

GsRMANT Joseph I, 5; Chas. VI.. 

11; Chos. VII., 42; Francis I. and 
Mnria Theresa, 45 ; Joseph II., 65 ; 
Leopold II., 00; Francis II., 02. 

Spain— Philip V. ; Ferdinand VI., 
61; Charles III., 59; Chas. IV., 88. 

Papal States. — Clement XI.: Inno- 
cent XI II. .21; Benedict XIII., 24; 
Clem. XII.. 30; Bened. XIV., 40; 
Clem. XIII., 58; Clem. XIV., 69; 
Pius VI., 75. 

Russia.— Catharine I., 25; Peter 11., 
27; Anne, 30; IwanVI.,40; Eliza- 
beth, 41 ; Peter III. and Catharine 
II., 62; Paul I., 96. 

CoNSTANTiifoPLK. — Achmed III., 3; 
Mohammed V., 30; Osman II., 54 ; 
Mustapha III., 57; Abdul-Hamet, 
74; Selim III., 89. 


Gt. Brit.— George IV., 20; William 
IV., 30; Victoria, 37. 

Fr. — ^Napoleon Emperor, 4; Louis 
XVIII., 14 ; Charles X., 24 ; Louis 
Philippe, 30 ; Republic, 48. 

Austria. — ^Francis I., 6; Ferdinand 
I., 35; Francis Joseph I., 48. 

Sp. — ^Ferd.VII. and Joseph Napoleon, 
8; Ferd. VII., 14; IsabeUa II., 33. 

Pa. St.— Pius VH., Leo XII., 23; 
PinsVIU.,29; Gregory XVI., 31 ; 
Pius IX., 46. 

Ru8.— Alexander I., 1; Nicholas I., 
25. 

Coir. — ^Alohammed VI., 8: Abdal- 
Medjid, 39. 



The Smaller European States, prom 1700. 



1700. 


1800. 


Sweden.- CharlesXlI.,1697; Ulrica 
Eleanom, 10; Frederic, 20; Adol- 
phus Frederic, 59; Gustavus III., 
71; Gustavus IV., 92. 

Denmark.— Fred. IV., 1699; Chris- 
tian VI., 30; Fred, v., 46; Chris- 
tian VII., 66. 

Naples. — Charles II., 13; Charles 
III., 35; Ferdinand IV., 59. 

Portugal. — John V., 6; Joseph 
Emanuel, 50; Maria, 77; John VI., 
99. 

Prussia. — ^Frederic I., 1; Frederic 
William I., 13; Frederic II., the 
Great, 40; Frederic William II., 
88; Frederic William III., 97. 


SwE. — Charles XIII., 9; Charles 
John XIV., 18; Oscar I., 44. 

Den.— Frederic VI., 8: Frederic 
VII., 30; Christian VIII., 39; Fre- 
deric VIII., 48. 

Nap .-^Joseph Napoleon, 8: Joachim 
Murat, 15; Ferdinand I. rof the 
two Sicilies), 21 ; Francis, 26; Fer- 
dinand II., 30. 

Port. — Pedro IV., 26; Maria da 
Gloria, 28. 

Prus.— Frederic William IV., 40. 

• 
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BibtHs and Deaths of Celebrated Persons. 



Solon * . . . 

Confucius 

Socrates 

Plato 

Demosthenes 

Alexander the Great 

Hannibal - .... 

Scipio Africanas.. . . 

Cicero — 

VirgfU 

Constantine 

Mahomet 

Charlemagne 

Haruun Alraschid . . 

Canute 

Jenghis Khan 

Dante 

Petrarch 

Gutenberg 

Jonn of Arc 

Columbus 

Copernicus 

Michael Angelo . . . . 

Pizarro 

Luther 

Raphael 

Loyola 

[Napier 



Bom. 



B.C.650 

<* . 

** 470 

" 430 

" 381 

" 356 

u 247 

a 235 

« 106 

»« 70 
A.D.274 

" 570 

<» 742 

" 765 

(( . 

» 1160 
«« 1265 
" 1304 
" 1400 
*' 1410 
u 1442 

" 1473 
" 1474 
" 1475 
" 1483 
" 1483 
" 1491 
" 1550 



Died. 



B.C. 559 
" 479 
400 
347 
322 
323 
183 
184 
43 
10 
A.D.337 
632 
814 
800 
1036 
" 1227 
" 1321 
" 1374 
" 1468 
" 1431 
" 1506 
" 1543 
" 1564 
" 1541 
" 1546 
" 1520 
«* 1556 
" 1617 



(( 
(( 

« 
« 



noro. 



Died. 



Oliver Cromwell ,. 

Milton 

Algernon Sidney.. . 

Moliere 

Pascal 

Geoi^e Fox 

Christopher Wren. 

Isaac Newton 

Leibnitz 

Fenehm 

Peter the Great.... 

Handel 

Young 

Berkley 

Voltaire 

John Wesley 

Euler 

Linnaeus 

Rousseau 

Hume 

Blackstone 

Adam Smith 

Joshua Reynolds... 

Cowper 

Gibbon 

Robespierre 

Napoleon 

Fourier 



;a.d.|509 A.D. 
«» 10081 «' 
" 1017 " 
«( 1622 " 



" 162:) 

" 1024 

«' 16:» 

" 1643 

" 1646 

" 1651 

** 1672 

<i 1680 

« 1681 

« 1684 

(( 1691 

« 1705 

" 1707 

« 1707 

« 1712 

« 1717 

•* 1723 

" 172:3 

" 172:) 

" 1731 

<* 17.37 

" 1759 

«* 1760 

« 17?2 



(( 
(( 
t( 
(I 
(i 
(( 
(( 
(i 
(( 
(( 
(( 
(( 
(( 
(( 

M 
U 
(( 
(( 
(( 
(( 
(( 
(( 
i( 
i( 



1658 
1674 
1683 
1673 
1662 
1690 
1723 
1727 
1716 
1715 
1725 
1760 
1760 
1753 
1778 
1790 
1783 
1778 
1778 
1776 
1780 
1790 
1792 
.1800 
1794 
1794 
1821 
1837 



EXAMPLES. 

1. Columbus discovered America Oct. 11, 1492, 0. S. 
What was the day of the week? Ans, Thursday. 

2. On what day of the week was the commencement of 
the year in which Henry III. ascended the English throne ?■ 

-4»w. Friday. 

106. The Moon's Age and Southing. 

I. The Golden dumber. 

The mean time of the moon's revolution around the earth, 
is 29.53 days. In 19 years, or 228 solar months, there are 
235 lunar months. This period of 19 years, is called a 
lunar cycle, and all the changes and eclipses of the moon, 
are the same for each cycle. 

■ In England, until the year 1752, the year was considered as be- 
ginning on the 25th of March. 



386 MISOELLANEOUS PROBLEMS. [ART. XXIlI. 

The year of the lunar cycle corresponding to any given 
year, is called the Golden Number' for that year. It is 
found by the following rule : 

Add \ to, the given year, and divide hy 19. The re- 
mainder will he the golden number, (If the ' remainder is 
0, the golden number w 19.) 

Required the golden number for A. D. 1853. -If |^ = 
97}4. Ans. 11. 

IT. The EpacL 

The Epact is the moon's age at the beginning of the year. 
It generally either increases by 11, or diminishes by 19, 
every year, and never exceeds 29. It is found by the fol- 
lowing rule : 

Divide the given year by 19, and multiply the remuinder 
hy 11. The product will he the epact, if it does not exceed 29. 

If the product exceeds 29, divide it hy 30, and the re- 
mainder will he the epact 

The epact for 1845 : ^f J^ = 97y2^ ; 2 X 11 = 22. Ans. 22. 

The epact for 1857 : iff' = 97}^; 14 X 11 = 154; ^V 
= 5 5^. Ans. 4. 

The epact for 1862 : J ^^ = 98. Ans, 0. 

III. Ths Number or Epact for the Month, 

The Number for any month, shows what the moon's age 
would be at the beginning of that month, provided it was 
new moon on the first of January. It is found by the fol- 
lowing rule : 

Divide the number of days in the preceding months, 
(reckoning from the beginning of the year,) hy 29.53, and 
the nearest whole number to the remainder, is the epact or 
number for the month, required. 

The epact for April. In common years, — "^^ -J" — = 
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The epact for April. In leap years, ^^"^^^^?1 = 

IV. The Moon's Age. 

The Moon's Age, is the number of days that haye elapsed 
since new mpon. It never exceeds 30. It is found by the 
following rule : 

To the ep^tfor the yeavy add the number for the months 
and the day of the month, and divide by 30. The remain- 
der vnU be the m^xm's age. 

What was the moon's age, Aug. 18th, 1849 ? ^"^^^^^ 

29 
=»-g^« Ans. 29 days. 

V. The Moon*s Southing. 

The Southing is the time when the moon is on the 
meridian. It is found by the following rule: 

Multiply the moon's age by .8, and the product toiU be 
the hours past noon. If the hours exceed 12, svhtra^ct 12, 
and the remainder wiU represent the time after midnight. 

Knd the time of the moon's SQuthing, for July 4th, 1776. 

Epact 9 ; number for the month 5 ; moon's age 18. 18 
X .8 = 14.4h. = 2h. 24m. offcer midnight, moon south. 

EXAMPLES. 

1. Find the Golden Number for the years of accession* of 
each of the monarchs of Great Britain. Ans, Jaa* I. 8 ; 

Chas. I. 11; Cromwell, 1; Chas. 11. 8; &c. 

2. Find the epact for the years of accession of William 
the Conqueror, and of each of the ten following monarchs of 
England. Ans. Wm. I. 22; Wm.II. 14; Hen. I. 7; 

Stephen 15, &c. 

* See Table of Contempol'ary Princes. 
22 
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8. Find the moon's number for^^each month of the year, 
both for common yearS; and for leap years. 

Ans. common years ; Jan. ; Feb. 1 ; Mar. 29 ; &c. 
leap years; " 0; " 1; > " l;&o. 

4. What was the moon's age on the day of the battle of 
Bunker Hill, June 17th, 1775 ? 

5. The French army commenced its retreat from Moscow, 
Oct. 18th, 1812. At what time on that day was the moon 
on the meridian 1 

107. Mensuration. 

In the following formulas, a represents the area ; cU the 
altitude; b the base; hr the breadth; c the circumference; 
ca the conjugate axis, (of an ellipse) ; cs the convex sur- 
face; d the diameter; /a the fixed axis, (of a solid of revo- 
lution); h the hypothenuse; he the height; I the length; 
lb the lower base, (of a frustum); p the perpendicular; 
ra the revolving axis ; 8 the solidity ; sh the slant height, 
(of a cone, frustum, &c.) ; tih the upper base. 

1. The Parallelogram, a = h x ah 

2. The Triangle, a = L^. 

2 

To find the area of a triangle, when the three sidet are 

given : 

I. Add the three sides together, and take half their sum. 

n. From this half sum take each side separately. 

ni. Form the continued product of the half sum and the 
three remainders, and extract the square root of that product. 



3. The Right Angled Triangle. A= -/i' -f-^'. 

4. The Circle, c = 3.1416 x d; a = .7864 xd^; a=: 
.07958 X c». 

5. The Ellipse. a = tax caX .7854. 



§ 107.] MENSURATION. 839 

6. The Paballelopipbdon. $ = lxhrx?ie. 

7. The Prism. « = a? x a of ft. 

8. The Cymndbb. c« = oZ x c of 6/ « = oZ x a of ft. 

aZ X a of ft 



10. The Feustum. et = tAj^±±2LIl2L!^i 
_^ (a of ttft + a of Zft + >/a of ttft X a of ^ ) X oZ 

— _ 

c X <Z; « = .5236 x <?; « = 



« = 



11. The Sphere. c« 
.01689 x c», 

12. The Ellipsoid. $ =/a x ro* x .5236. 

13. The Polygon. To find the area of a regular poly' 
gon when one of its sideeis given: Multiply the square of 
the side, by the multiplier standing opposite the name of 
the polygon in the following table. The radius of the in- 
scribed circle, is found by multiplying the side by the prop^ 
number in the right hand column. 



No. of 
Sides. 


Names. 


Multiplietrs. 


Radius of In- 
scribed Circle. 


8 
4 
6 
6 

7 

8 

9 

10 

11 

12 


Triangle ^ 

Square 

Pentagon 

Hexagon 

Heptagon 

Oetagon 

Nonagon 

Decagon 

Hendecagon 

Dodecagon 


.438018 
1.000000 
1.720477 
2.698076 
8.683912 
4.828427 
6.181824 
7.694209 
9.866640 
11.196162 


.288676 

.600000 

.688191 

.866026 

1.088262 

1,207107 

1.873739 

. 1.638842 

1.702844 

1.866026 



14. The Polyedeon. To find the surface of a regular 
polyedron : Multiply the square of the linear edge^ by the 
tabular number in the column of surfaces. 
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To find the Bolidity of a regular polyedron : Multiply the 
cube of tlie linear edge^ by the tabular number in the column 
of solidities. 



No. of 
Sides. 


Names. 


Surfaces. 


Soiidities. 


4 

6 

8 

12 

20 


Tetraedron 

Hexaedron 

Octaedron 

Dodecaedron 

Icosaedron 


1.78205 
6.00000 
8.46410 
20.64578 
8.66025 


.11786 
1.00000 

.47140 
7.66312 
2.18169 



EXABfPLES. 

1. By the second method of Analysis^ (§§ 57 and 59,) de- 
termine the formulas for finding hy and <d, in a parallelogram. 

Ans, 6 = a -7- ol; cU^a-z-h. 

2. What are the formulas for l and a?, in a triangle? 

8. Required the formulas for h and jp, in a right-angled 
triangle. Ans. 5 = VA* — p*; jp = VA* — 6*. 

4. Find two formulas for d, and an additional formula 
for c, in a circle. Ans, d^c-T- 8.1416; d = 

x/a-f-.7854; c= ^a ~ .07958. 

5. Obtain ftmuulas for ta and ca in an ellipse. 

6. What are the formulas for I, hr, and Ae in a parallelo- 
pipedon? 

7. Find formulas for oZ and a of ( in a prism. 

8. Obtain formulas for c of ( and a of h, and two formulas 
f or oZ in a^ cylinder. 

9. Obtain formulas for sh, al, c of h, and a of ( in a cone 
or pyramid. 

10. Find two formulas for c and for c? in a sphere. 

F(irtial Am. c = ^ » -r- .01689. 
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11. Beqnired formulas for c 6f uh, co! lb, A, and alf in 
the frustum of a pyramid, or of a cone. 

Ans. c of ub = — — cof lb; c of Z6 = -- — c of ub; 

sh sh 

sh = 2c8 'T- (c of ub + c of lb) ; als^^s-r- (a of 
vb + a of lb + s/a of ub x a of lb). 

12. "JiVTiat are the formulas for^a and ra in an ellipsoid? 
Ans, fazzzs-r- (.5236 X ra^)} ra = V»-7- (.5236 x/a.) 

13. The solidity of a prism is 516 c. ft., and the alti- 
tude 27 Kt. What b the area of its base ? 

Ans, 18|| sq. ft. 

14. The convex surface of a pyramid contains 47 sq. ft., 
and the circumference of its base is 3}ft. Bequired its 
slant height? Aiis, 28jft. 

15. The solidity of a frustum is 1447} o. ft.; the area of 
the upper base 49 sq. ft. ; the area of the lower base 81 sq. 
ft. What is its altitude? Ans, 22Jft. 

16. ^he solidity of a cylinder is 28 c. ft., and the altitude 
14ft. What is the diameter of the base? Ans, 1.59ft. 

17. Required the radius of a sphere whose solidity is 
75 0. ft. Ans. 2.616ft. 

18. The fixed axis of an ellipsoid measures 10ft. ; and 
its solidity is 80 c. ft. What is the length of its revolving 
axis? Ans, 3.9088ft. 

19. The area of a regular dodecagon is 47ffc. Required 
the length of each side, and the radius of the inscribed 
circle. Ans. 2.0488ft.; 3.823ft. 

20. What is the area of a triangle, whose sides measure 
respectively 16 rods, 27 rods, and 19 rods? 

Ans. 3B. 29.398r. 
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21. A regular icosaedron contidns 81 c. ft WHat is the 
length of each of its linear edges?' Ans. 8.336ft. 

108* Tonnage of Vessels. 

The acctirate determination of the tonnage of any vessel, 
is a very difficult problem. The best method probably^ is, 
to diyide the vessel into a number of sections, and to de- 
termine by numerous measurements, the average length, 
breadth, and depth of each section. The solid contents can 
thus be found in cubic feet, and by dividing the number of 
cubic feet by 40,^ the answer will be obtained in tons. The 
accuracy of the result, will depend on the number of meas- 
urements that are taken. 

This process is, however, a very tedious one, and numerous 
rules have been framed, in order to abridge the labor of 
computation. Of these rules, the following are the most 
frequently employed. 

I. Carpenter^ Rule, 

Measure the length, breadth, and depth, all in feet. Divide 
the continued product of the three dimensions by 95, and 
the quotient will be the tonnage. 

If the vessel is double-decked, half the breadth is taken 
at) the depth. 

n. United States Government Rule, 

If the vessel is single-decked, take the length from the 
fore part of the main stem to the after part of the stem post 
above the upper deck, the breadth at the broadest part above 
the main wales, and tiie depth from ^e under side of the 

* Questions similar to the foregoing, may be multiplied by the 
teacher, to-any extent that may seem desirable. 

*> Dividing by 40 will give the actual tonnage. Each of the following 
rules gives a result considerably less than the true tonnage. In freight- 
ing by the ton, the owner may charge either by the ton of weight, or 
the ton of measure, whichever will y\M the largest tonnage. 
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deck to the ceiling, in th6 hold. From the length dednct 
I of the breadth, multiply the remainder by the breadth, 
and that product by the depth. Divide the last product by 
95, and the quotient will be the government tonnage. 

If the vessel is double-decked, substitute half of the 
breadth for the depth, and proceed as directed for single- 
decked vessels. 

III. British Government Rule, 

Divide the length of the upper deck between the after part of 
the stem and the fore part of the stern-post, into 6 equal parts. 
At the foremost, the middle, and the aftermost .of these points of 
division, measure in feet, and decimals of a foot, the depths from 
(he under side of the upper deck to the ceiling at the limber 
strake. (In the case of a break in the upper deck, the depths are to 
be measured from a lin^ stretched in a continuation of the deck.) 
Divide each of th)e three depths into 5 equal parts, and measure 

the inside breadths at the following points, viz : at \ and | below 
the upper deck of each of the extreme depths, and at f and 5 
below the upper deck of the midship depth. At half the midship 
depth measure the liength from the after part of the stem to the 
fore part of the stern-post 

To twice the midship depth add the two extreme depths, for the 
sum of the depths. Add the upper and lower breadths at the fore- 
most division, 8 times the upper breadth and the lower breadth 
at the midship division, and the upper and twice the lower breadth 
at the after division, for the sum of tiie breadths. Multiply the 
sum of the depths by the sum of the breadths, and the product 
by the length, and divide the final product by 8500, which will 
give the number of tons for register. If the vessel has a half- 
deck, or a break in the upper deck, measure the inside mean 
length, breadth, and height of such part thereof as may be in- 
cluded within the bulk-head. Divide the continued product of 
these three measurements by 92.4, and the quotient will be the 
number of tons to be added to the result as above found.* 

* Previous to Jan. Ist, 1846, the British rules for estimating tonnage 
were similar to our own. But this rule led to the building of ships of 
forms improper for the purpose of safe navigation, in order that, by 
measuring less than their real burden, they might evade a part of the 
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^ the vu9d it laden, measure tiie length on the npper deck be- 
tween the after part of t^e stem and the fore part of the stern- 
post, the inside breadth on the under side of the npper deck at 
the middle point of the length, and the depth from the under side 
of the upper deck down the pump-well to the skin. Diyide the 
continued product of these three dimensions by 180, and the 
quotient will be the register tonnage. 

In open veateU, the depths are to be measured f^om the upper 
edg^ of the upper strake. 

EXAMPLES. 

1. Find by rule 1, the tonnage of a double-decked vessel 
163 feet long, and 31 feet wide. Ans^, 824 i tons. 

2; Find by rule 2, tbe government tonnage of a double- 
decked vessel 180 ft. long, and 32ft. wide. 

Ans, 866.6 tons. 

3. Eequired the BritisH government tonnage of a vessel 
with the following measurements : length at half the mid- 
ship depth 175ft. ; depths, at the foremost point of division 
29ft., at the middle point 30ft., at the aftermost point 
28ft.; breadths, at the J and | depths of the foremost di- 
vision 33 and 24ft., at the | and | aepths of the midship 
division l39 and 36ft., at the J and | depths of the after- 
most division, 35 and 29ft. ; half-deck, length 75ft., mean 
breadth 35ft., height 7ft. Ans. 1971.41 tons. 

1 09« GAuaiNG. 

The easiest way of finding the contents of casks, is by 
the diagonal rod. The contents given by the rod are only 
correct for casks of the. most common forms. 

The same result as the rod would give, may be found in 
the following manner : 

" ' ■■II.IW.- ■ .l-ll ■ I ■ll»..»IM.I.«ll ■!»■ . ■ "f" ■■■■ I—I. ■—■ 

duties. The method now employed, gives the tonnage of all ships, 
however built, with tolerable accuracy, and therefore removes the 
temptation to build vessels of an unsuitable form. 
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Take any rod^ and putting it in at the bung, extend it to 
tHe opposite corner of either head, and measure the distance 
in inches. Extend it in a similar manner to the other head^ 
and measure the distance. Half the sum of these two dis- 
tances, will be the diagonal. Then, 

Multiply tl^e cube of the diagonal by 5|^^u = 5o%Ty 
The quotient will be the contents in imperial gallons. Foif 
wine gallons, substitute 173; for beer gallons, 141.6; for 
dry gf^llons, 148.5, in the place of 144. 

In order to determine the contents with accuracy, casks 
are usually divided into four varieties, according, to the 
degree of their curvature. In each of the following formij. 
las for thos6 four varieties, J) denotes the bung diameter, 
d the head diameter, and a the length of the cask. 

I. When the cask is formed like the middle zone of a 

spheroid. 

.0009442 XaX(2D*-fc?) = contents in imperial gal- 
Ions. For the contents in wine gallons, substitute .0011333 ; 
for beer gallons, .0009284 ; for dry gaUons, .000974, in 
the place of .0009442. 

II. When the cask is formed like the middle zone of a 

parabolic spiW/c. 

.0001888 XaX(8D*-f4Dxc? + 3<?) = contents in 
imperial gallons. For wine, beer, or dry measure, sub- 
stitute .0002267, .0001856, .000195, in the place of 
.0001888. 

m. When the cask is formed like two equal frustums of a 

parabolic conoid, 

.0014163 X ax (D* -f (^) = contents in imperial gallons. 
For wine, beer, or dry measure, substitute .0017, .0013926, 
.001461, in the place of .0014163. 
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rV. When tJie catk ii formed like two equal /rustums of 

a cone, 

.0009442 XaX (D^ + Dxc? H-c^O = contents in impe- 
rial gallons. For the other measures^ substitute as in 
Case I. 

The following method is more accurate than either of the 
foregoing, when the diameter midway between the head 
and the bung, can be accurately determined : — 

Add the squares of the head diameter, of the bung 
diameter, and of twice the middle diameter. The sum, 
multiplied by .0004721 times the length, gives the contents 
in imperial gallons. For wine gallons, substitute .0005667 ; 
for beer gallons, .0004642 ; for dry gallons, .000487, in 
the place of .0004721. 

If the stayes are of uniform thickness, the middle diameter 
may be found by measuring the circumference, dividing by 
8.1416, and subtracting twice the thickness of the staves from 
the result 

EXAMPLES. 

1. The diagonal of a cask is 32 inches. Hequired its 
contents in wine gallons. 

Am. (32)» X 178 -^ 64000 = 88.576 gallons. 

2. Find the contents in imperial gallons, of casks of each 
of the four varieties, the length of each cask being 40 
inches, and the diameters 30 and 36 inches. 

Am, 1st var. .0009442 X 40 X (2 X 36« +30^ = 
131.886 gallons. 

2d var. .0001888 X 40 x (8 X 36« + 4 X 36 x 
30 +3 X 30«) = 131.314 gallons. 

3d var. .0014163 X 40 X (36'+ 30') =124.408 
gallons. 

4th var. .0009442 X 40 X (36«+ 36 X 86 + 80«) 
s= 123.628 gallons. 
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8. The head diameter of a cask is 25 in.^ the bung dia- 
meter 30 in.^ the middle diameter 28 in.^ and the length 
36 in. Bequired the contents in beer measure. 

Ans. (25« + 30^ + 56^ X .0004721 X 36 = 79.216 
gallons. 

4. The circumference of a cask at the bung is 113 in., 
at the head 91 in., and at a point midway between the head 
and the bung 106 in. Bequired the contents in each meas- 
ure, the length being 40in., and the thickness of the 
staves } in.' . Ans, 119.16 imperial gallons. 

143.03 wine gallons. 

117.16 beer gallons. 

122.92 dry gallons. 

110. Miscellaneous Examples. 

1. If the multiplicand is 7, and the product 2, what is 
the multiplier ? 

2. The dividend is 1, and the quotient 8; what is the 
divisor ? 

3. The dividend is 6^, and the quotient 18 f ; what is 
the divisor ? 

4. The sum of two numbers is 7J; and one of the num- 
bers is 4.759 ; what is the other ? 

5. The difference of two numbers is 13^, and the greater 
number is. 29 .43; what is the less? 

6. The sum of two numbers is 7/^, and their difference 
is 6^\ ; what are the numbers ? 

» When the circumferences are given, it is not necessary to find 
each diameter separately. We may proceed with the circumferences 
precisely as with the diameters, until we obtain the sum of the 
squares. This sum should be divided by the square of 3.1416 
(9.8696), and the quotient will be the sum of the squares of the 
diameters. A deduction should be made from each outside circum- 
ference, of six times the thickness of the staves, and the remainder 
will be nearly equivalent to the inside circumference. 



S48 JOSOELLANECmS PE0BIJBM8. [ART. TC-rm, 

7. What nmnber mmst be subtracted from 39| to leaye 

8. What miinber must be added to 23 y\ to make 47.432 ? 

9. What number must be multiplied by SJ, and the pro- 
duct divided by 7.366 to give 8| as a quotient ? 

10. What is the difference between -^^^ and ^ of 7T. 
15cwt. 3qr.? 

11. What is the difference between 28 miles^ and 27m. 
7fur. 89r. 6yd. 2ft. 11.9in.? 

12. Reduce ^ of 9m. 7fur. 39r. 5yd. 2ft. to inches. 

13. If from a purse containing £36 7s. lid., I pay to 
each of 16 laborers, £1 9s. 8|d., how much will be left? 

14. Find the sum, the difference, and the product of 
874.91 and 42/^. 

16. In 12841b. of water, there is 14f lb. of hydrogen. 
How much hydrogen is there in 273| lb. of water? 

16. A grocer sold 17cwt. 3qr. 171b. of sugar, at 6| cents 
a pound, receiving in exchange 20 barrels of flour, at $4| 
per barrel, and the balance in money. How much money 
did he receive ? 

17. From f of 3T. 17cwt., subtract j% of 7T. 3cwt. Iqr. 
181b. 

18. What will be the freight of 17|cwt. for 89f miles, 
if $7.63 be paid for carrying 11/^ tons 9| miles? 

19. How many raisins, at 8^ cents a pound, must be 
given in exchange for 163gal. 2qt. 3gi. of molasses, at $.37^ 
per gallon ? 

20. Bought 16cwt. 3qr. 161b. of rice, at $4.00 percwt., 
and 9cwt. 2qr. 61b. of pearl barley, at $4.37^ per cwt. How 
much would be gained on the whole, by selling each at 4| 
cents a pound ? 
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21. If 63f7d. of broadcloth cost 9255, at what price 
must it be sold per yd.; in order to gain $25.50? 

22. A hogshead of sugar at $7.00 per cwt. cost $43.75. 
What did it weigh ? 

23. How mnch shalloon that is |yd. wide^ will line 14| 
yards of cloth, that is l|yd. wide ? 

24. What is the price of 16 boxes of raisins, each hold- 
ing 9| lb., at 9^ cents per lb. ? 

25. How much money, that is 9 per cent* below par, will 
pay a debt of $187.50 ? 

26. If 9 men mow 10 acres of grass in a day, how much 
will 11 men mow in 2 J days? 

27. In what time will $150 gain $6.37^, at 6 per cent., 
simple interest? 

28. When molasses is 31| cents a gallon, how many 
hogsheads, each holding 97gal. 8qt., can I buy for 
$366.56^ ? 

29. What will be the price of 7 bales of sheeting, each 
bide containing 9 pieces, and each piece measuring 30|yd., 
if 26yd. cost $2.92^ ? 

30. Bought 39^ bushels of potatoes for $12.87^. At 
what price per bushel must they be sold, in order to gain 
15 per cent. ? 

31. What is the interest of $9431 for 3yr. 7mo. ISdy., 
at 7 per cent. ? 

32. How much may a man spend per day, whose income 
is $500 a year, after deducting ^ per cent, for taxes ? 

33. The words in Johnson's Dictionary have been classi- 
fied as follows:* Articles, 3; nouns, 20409; adjectives^ 

•'Gregory. 
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9053 ; pronounS; 41 ; verbsvactive 5445, neater 2425, pas- 
sive 1, defective 5, auxiliary 1, impersonal 3 ; verbal noun, 
1 ; participles, 38 ; participial adjectives, 125 ; participial 
nouns, 3; adverbs in ly, 2096; other adverbs, 496; pre- 
positions, 69 ; conjunctions, 19 ; interjections, 68. What 
per-centage of the entire number belongs to each part of 
speech? 

34. Owing to the curvature of the earth, the difference 
of level in 1 mile is 8 inches. What would be the differ- 
ence in ^ mile, the level varying as the square of the dis- 
tance ? in 5| miles ? Ans, 2in. ; 223^ft. 

35. Suppose a school of 180 boys to breathe 20 times 
each per minute, requiring for each respiration 30 c. in. of 
air, what amount of carbonic acid would they produce in 
two sessions, of 3 hours each, estimating that 5 per cent, 
of the air inhaled is changed into an equal volume of car- 
bonic acid ? Ans. 1125 c. ft. 

36. A vessel of 400 tons has a keel 48 feet long. What 
length of keel has a vessel of 750 tons, that is built on the 
same model? Ans, 59.19ft. 

37. There are two cannon balls, one weighing 28 pounds, 
and the other 9 pounds. What is the diameter of the 
greater, that of the less being 5 inches ? 

Ans. 7.3in., nearly. 

38. In an establishment in Lowell 50 cows were kept, of 
whieh the average number giving milk was 35. Each cow 
consumed annually 4.18 tons of hay at $18.50 per ton, and 
green vegetables worth $20.36. What was the loss in two 
years, exclusive of the amount expended for attendance, the 
whole amount of milk obtained being 99705 quarts, worth 
five cents a quart ? 

39; Bought 6 bales of cinnamon, weighing gross 4cwt. 
Bqr. 2 lb., tare 9 lb., at $11 per cwt., and paid charges for 
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freight, duties, &c. 911. 43f. What rate per cent, would 
be gained or lost, by selling the whole at $.15 per lb. ? 

Am, 25 per cent, gained. 

40. Find the value of 4 cases of gum tragacanth, at £20 
8s. per cwt., duty 25 per cent, ad valorem, the cases weigh- 
ing as follows, viz : 

cwt. qr. lb. 



No. 15 gross 2 


1 


'7 


tare 41 lb. ^ 




No. 16. " 2 
No. 17 " 2 


1 

1 


11 

7 


u 42 it, 
u 40 « 


' Draft 2 lb. per cai 


No. 18 '' 2 





27 


" 39 " 

AriA 


. £196 5s. 2 id. 



41. Bequired the amount of commission at 2} per cent., 
and brokerage at i per cent., and the net proceeds of 50 
bags of cotton, weighing gross 115cwt. Iqr. 11 lb., draft 
1 lb. per bag, tare 4 lb. per cwt., the whole being sold at 
7 Jets, per lb. Am, Commission and brokerage $27.92. 

Net proceeds J902.68. 

42. In the British Sanitary Report of 1843, it is stated 

that the proportionate numbers of the population at different 

ages, in the United States, and in England and Wales, were 

as follows : — 

United States. England & Wales. 



Under 5 years ' 


1744 


1824 


5 &nd under 10 


1417 


1197 


10 « 


« 


15 


1210 


1089 


16 " 


(( 


20 


1091 


997 


20 « 


« 


30 


1816 


1780 


30 « 


.■< 


40 


1160 


1289 


40 " 


It 


50 


732 


969 


50 " 


« 


60 


436 


645 


60 « 


(( 


70 


245 


440 


70 " 


(( 


80 


113 


216 


80 " 


<( 


90 


82 


69 


90 and 


upwards 


4 


5 

f 



Required the average age, both in England and in 
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America, of all the inhabitants ;-^of all ahove 15 ; — above 
20 ;— above 50. 

43. The commissioners of a certain county are about 
building a new court house, which will cost $75000. They 
hire money for the purpose at an annual interest of 5 per 
cent., and propose to pay the debt thus incurred by 50 equal 
annual instalments. What amount must be paid each year? 

Ans. *4108.25. 

44. Three men bought a grindstone 50 inches in diameter, 
for which A. paid 75 cents, B. »1.50, and C. J2.00. What 
part of the diameter ought each to wear away, allowing the 
diameter of the axle to be 2 inches ? 

Ans. A. 4.62in. ; B. 11.05in. ; C. 32.33in.' 

45. An estate of $20000 is to be divided between two 
sons in the following manner : the elder is to receive $100 
the first month, $300 the second month, &c., in arithmetical 
progression, and the younger is to receive $1000 per month, 
until the whole is paid. What is the share of each, and how 
long will they be in receiving it ? Ans, $10000 ; lOmo. 

46. A ladder standing upright against a wall reaches the 
top, but the foot being removed 12 feet from the wall, it 
reaches to a point 6 feet from the top. Required the length 
of the ladder, and the height of the wall. Ans. 15ft. 

47. A block of stone 12ft. long, 3ffc. wide, and 2ft. thick, 
is to be floated on a pine raffc, which is 20ft. long, and 6ft. 
wide. What must be the depth of the raft, in order that 
it may float 4 inches above the water, the specific gravity 
of the pine being 575, and the sp. grav. of the stone 2500 ? 

Ans. 4ft. 3.76 -fin. 

48. Wishing to estimate the height of a hill which is 5 
miles distant, I hold a foot rule at the distance of 2fb. from 
my eye, and find that 1 inch on the rule intercepts the rays 

'Thitf answer is obtained by supposing that A. uses the stone first, 
B. second, and C. last. The question admits of five other solutions. 
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from the top of the hill and from the honz<m. What u 
the height of the hill ? Am. 1100ft. 

49. WTiat is the distance of a thunder cloud, if three 
seconds elapse between the flash and report ? 

Ans. 8270ft. 

50. If the travel over a hill, by friction and gravity causes 
8000 days' work of a horse, at 75 cents per day, which can be 
partially avoided by a road along the base of the hill, the 
travel over which would require only 4000 days' work, and if 
the new road will require an extra annual outlay of $600 for 
repairs, how much can be saved by expending J12000 in 
making the improvement, computing interest at 5^o ? 

Ans, «36000. 

51. If an engine has sufficient force to draw 100 tons over 
level ground, what additional power must be exerted on an 
ascending grade of 40ft. per mile? 

Ans. 15cwt. 16|| lb, 

52. What is the power of a steam engine with a cylinder 
40 inches in diameter, making the usual estimate of the 
effective force of the steam and the stroke of the piston ? 

Ans. 64 horse power. 

53. What is the amount of pressure on a dam 150ft. by 
18ft., the average depth of water being 6ft. ? 

Ans. 10125001b. 

54. My expenditure having exceeded my income by 15 
per cent.^ I find that by saving J of my income for the 
succeeding year, I can supply the deficiency with interest, 
and have $4.60 left. What is my income ? Ans. $600. 

55. Find 11 terms of a harmonical progression, two of 
the terms being 4 and 8. 

Ans. 8, 4, 2f , 2, If, 1|, 1», 1, |, |, /^. 

56. At the breaking up of the ice in a river, a tree is 
cut down by a block of ice, which has a surface of 10000 

23 
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square feet^ and is 1 foot thick. How many axes, each 
weighing 101b., and moving with a velocity of 2Qfk. per 
second; would have the same momentum, the velocity of 
the ice being 3jft. per second^ and its specific gravity 930? 

Ans. 8687}. 

57. Gregory King, in 1695, made the following estimate 
of the expense of England, France, and Holland, in diet :' 





England. 


France. 


Holland. 


Total. 


In bread-stuffs . . 
In meats . . . 
In butte^r, cheese, 

and milk . . . 
In malt liquors 
In spirituous drinks 
In fish, fowls, and 

eggs .... 
In fruits and garden 

produce . . . 
In groceries and 

sweetmeats . . 


£4800000 
8300000 
2800000 

5800000 
1800000 

1700000 

1200000 

1100000 


£10600000 
6600000 
4200000 

100000 
9000000 

8900000 

8600000 

8000000 


£1400000 
800000 
600000 

1200000 
400000 

1100000 

400000 

800000 




Total 











58. Estimating the population of England, in 1695, at 
5^- million, France at 13^ million, and Holland at 2 J mil- 
lion, what was the average amount annually expended for 
each article of diet by each individual, in each nation ? 
What was the average annual expense of each individual in 
the three nations ? 2d Ans. £Z 3s. 4.7d. 

59. A man spends 25 cents a day for wine and cigars; 
how much will he lose by the expenditure in 48 years, sup- 
posing money to be worth 6 per cent. ? . 

Ans. J23427.55. 

60. A road has been constructed through a farmer's 
land, taking 1^ acres, worth 975 per acre. In addition 

to the loss of his land, he is obliged to expend $100 in 

- ■ 

» Wade. 
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building a fence^ wliich must be renewed eyery 12 years. 
What damages should he reoeiye; money being worth 6 per 
cent, compound interest t Ans, 9292.54. 

61. Find 6 weights with which any number of pounds^ 
from 1 to 364^ can be weighed. 

62. What is the difference between the area of a circle 
whose circumference is IdT^^ft.^ and the area of the 
greatest square that can be inscribed in it ? 

Arts. 713.5ft. 

63. What number is that which is divisible by 11, but 
if divided by any number less than 11, leaves 1 remainder ? 

Ans. 26201. 

64. The average effect of a bushel of coals, weighing 
60 lb., when consumed by an engine now working at Wheal 
Towan, in Cornwall, is sufficient to raise 70 million pounds 
one foot high.* How many pounds of the same coal would 
fiimish sufficient power to raise a man, weighing 150 lb., to 
the summit of Mont Blanc, an elevation of 15680ft. ? 

Ans, 2gV5lb. 

65. The Menai bridge consists of a mass of iron about 
4 million pounds in weight, suspended at an average height 
of 170ft above the sea.' How many bushels of coal would 
have sufficed to raise it to its present position ? 

66. Estimating the quantity of granite in the great pyra- 
mid at 75614816 c. ft., the specific gravity at 2700, and 
the average height to which the materials were raised at 
125ft., how many chaldrons of coal wouli^ have furnished 
the power necessary for its erection ? 

Ans. 632{^|§J chaldrons, a quantity consumed in 
some foundries in a week. 

67. The entire expense of the Revolutionary War was 
estimated by the Eegister of the Treasury, in 1790, 

» Working Man'i Friend. 
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at flSdlOd'TOO; to meet which an issue was made of 
|85d547027y\ in continental money.* What was the average 
loss per cent, by the depreciation of the continental cor- 
rency ? Arts, 62.398 + per cent. 

r 

68. Four men bought a grindstone, 40 inches in diame- 
ter, each contributing an equal amount. How much of 
the diameter ought each to grind away ? 

Ans. Ist. 5.359in. -, 2d. 6.3568in. ; 
3d. 8.2842in. ; 4th. 20in. 

69. A. and B. are on opposite sides of a circular field that 
is 120 rods in diameter, and commence travelling around it 
in the same direction. How many times will each go round 
the field before the slower is overtaken, A. going 39 rods 
in 3 minutes, and B. 66| rods in 5 minutes ? 

Ans. A. 19^ times ; B. 20 times. 

70. A man sold a horse for )(65.25, thereby gaining as 
much per cent, as the horse cost him. What did he give 
for the horse ? Ans. J46. 

71. Professor Wheatstone endeavored to determine the 
velocity of electricity by using a revolving mirror, and 
observing the relative position of the images made by the 
sparks at the two extremities of a long wire. What inter- 
val of time would be indicated by an angular deviation of 
1® in the appearance of the two sparks, supposing the mirror 
to make 800 revolutions in 1 second? Ans. 3299^^7 '^^* 

72. It has been estimated that the average quantity of 
air contaminated by respiration, insensible perspiration, and 
lights, is 4 c. ft. per minute for each individual ; the ave- 
rage amount cooled by the draught from each door or window, 
11 c. ft. per minute ; the number of c. ft. cooled by radia- 
tion through the windows, 1} times the number of sq. ft. 
of the glass exposed to the external air.** According to 
this estimate, how much fresh air should be supplied per 

« EncyclopsBdia Americana. ^ Tredgold. 
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minute, in summer, for a hall containing 2000 people ? How 
much heated fresh air, in winter, for a church with a congre* 
gataon of 600, there being 28 windows and doors, and 1000 
sq. ft. of glass ? 1st Ans, 8000 c. ft. per niin. 

2d Ans. 4208 c. ft. per niin. 

73. A. and B. own adjoining farms. A. and his family 
do no labor in winter, except to take the necessary care of 
his stock and household; but the family of B., by shoe- 
making, braiding straw, and other similar employments, 
make $125. To how much will B.'s winter labor amount 
in 30 years, if the proceeds are all invested at 6 per cent, 
compound interest? Ans, $9882.27. 

74. A farmer has a lane leading through his pasture, to 
the public highway, and instead of fencing in the lane, he 
has a gate at each extremity, li \\ minutes' delay is 
occasioned by opening and closing each gate^ and if he is 
obliged to pass through the lan^ 12 times a day, how much 
will he lose by the gates in a year, supposing his time to 
be worth 20 cents an hour ? Ans, $36.60. 

76. A pump in which the water is to be raised to the 
height of 10ft., has a bore 6in. in diameter. What should 
be the diameter of the bore of a pump, which is to raise 
the water 26 feet, in order that the two pumps may be 
worked with equal ease ? Ans. 3.79in. 

76. Suppose a man whose average weight is 160 lbs., to 
drink three half-pint cups of coflfee per day for 40 years, the 
average specific gravity of the coffee being 1100, to how 
many times his own weight will the whole amount ? 

Ans, 24106J lb., or 160.666625 times his own weight. 

77. It has been stated by one of the most careful and 
successful manufacturers, that on substituting, in one of 
hia cotton mills, a better for a poorer educated class of ope- 
ratives, he was able to add 12 per cent, to the speed of his 
machinery, without any increase of damage or danger from 
the acceleration. What amount would be saved by the 
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employment of educated labor, from this source alone^ in a 
business of 9500000 ? 

78. The number of females engaged in the various manu- 
£Eu;tures of Massachusetts, has been estimated at 40000, and 
their average annual wages at $100 each. The super- 
intendent of the Merrimack Mills, in 1841, estimated the 
average wages of the best educated operatives, at 17f per 
cent, above the general average wages of the mills, and the 
average wages of the least educated, at 18} per cent, below 
the general average. According to this estimate, how much 
would be gained by elevating the whole 40000 to the highest 
standard, and how much would be lost by degrading them 
to the lowest standard ? 

79. The researches and discoveries of M. Meneville, in 
regard to the fly which was lately so destructive to the olive 
in the south of France, are said to have increased the value 
of the annual product of this fruit, JflOOOOOO. What 
amount of profit will France derive in 60 years, from the 
education which led to such a discovery, supposing the 
entire increase of value to be invested annually at 5 per 
cent, compound interest ? 

80. The aggregate quantity of water annually discharged by 
the Mississippi river, has been estimated at 14883360636880 
c. ft.' To how many cubic miles is this equivalent ? 

Ans, 101.1 c. miles. 

81. Estimating the area of the Mississippi valley at 
1400000 sq. miles,' and the average depth of rain water 
that falls annually in the valley, at 52 inches,' how many 
cubic feet of water fall in the whole valley during the year, 
and what part of it passes off by evaporation ? 

Ans. 169128960000000 c. ft., of which about f| 
passes ofr by evaporation, and ^ is dis- 
charged by the river. 

* Proceedings of Amer. Association, 1848. 
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82. The remoyal of the forests from the valley of the 
Mi8si»Hppi has increased evaporation to such an extent^ 
that the inundations of the river have become much less 
firequent and less formidable than they were at the first set- 
tlement of the country.* What amount of water was annually 
discharged by the Mississippi, 30 years ago, supposing that 
it has since d^creifted 25 per cent. ? 

Afis. 19844480849173 c. ft. 

83. If 23232 c. in. of the Mississippi water, deposit 44 
c. in. of sediment,* how long would it require to deposit the 
present delta, which is estimated to contain 13600 sq. m. 
of surface, and to be of the average depth of ^ mile 7 

Ana, 14203| years. 

84. What is the approximate weight of the earth, esti- 
mating its mean diameter at 7912 miles? 

Ans. 13527679878424215242145792 lb. 

85. If 12 oxen eat Si acres of grass in 4 weeks, and 21 
oxen eat 10 acres of the like pasture in 9 weeks, how many 
oxen will eat 24 acres in 18 weeks, the grass being i^t first 
equal on every acre, and growing imiformly ? 

This example is taken from Newton's Uniyersal Arithmetic. 
It can be solyed most readily by making three distinct questions. 

(1.) If 12 0x^1 eat V^ acres of grass, with the growth, in 4 weeks, 
how many oxen will eat 24 acres, with 4 weeks' growth, in 18 
weeks? 

Stating the question by analysis, or by proportion, jj 
we obtain — rr 

fi^ = 19 J oxen, for the answer. 4 >ji^ 

(2.) If 21 oxen eat 10 acres, with the growth, in 9 weeks, how 
many oxen will eat 24 acres, wii^ 9 weeks' growth, in 18 weeks ? 



* Proc. of Amer. AssociatioD, 1848. 
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The answer, fotind as before, it 21 



!l>i?-28l. ^ 



Kow, if lOj oxen in 18 weeks, eat 24 acres with 4 weeks' growth, 

and 26j oxen in the same time, eat the same number of acres 
with 9 weeks* growth, 6 weeks' growth on 24 acres will support 
6 oxen 18 weeks. Then, • 

(8.) If 6 oxen in 18 weeks eat 5 weeks' ^owth, how many oxen 
in the same time will eat 9 weeks' growth ? 

The answer is 10|. We haye already found that 26 J ^ — 
oxen in 18 weeks, will eat 24 acres with 9 weeks' growth, "T 7" 
and if we add the number which would eat the growth 
of the remaining 9 weeks, we obtain 86 oxen for the answer sought. 

86. K 15 oxen eat 4| acres of grass in 2 weeks, and 24 
oxen eat 14| acres in 5 weeks, how many oxen will eat 48 
acres in 8 weeks, the grass being at first eqnal on every 
acre, and growing uniformly ? ' Ans, 60 oxen. 

87. If 11 oxen eat 24 j acres of grass in 6 weeks, and 10 
oxen eat 26| acres in 4 weeks, how many acres of similar 
pasture will 42 oxen eat in 7 weeks, the grass growing uni- 
formly? Ans. 78§ A. 

88. What number is that which is 169 greater than the 
greatest square number below, and 114 less than the least 
square number above itself? Ans, 20050. 

89. A. and B. can do -^ of a piece of work in a day, B. 
and C. can do ^ of it in 2^ days, and A. and C. can do | 
of it in 4^ days. In what time would each do it alone, 
and in what time would it be done if they all worked 
together? Ans. A. in 15 days; B. in 30 days; 

G. in 18 days ; all together in 6| days. 

90. There are some monads not exceeding ij^^iyijin- in 
diameter, in which 6 spots have been observed, separated 
by membranous partitions not thicker than ^'^ of tbe diameter 
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of the spots. K these estimates are correct^ what is the 
thickness of the partitions ? Arts, ^^^i^jij^in. 

91. What amount can be recovered from the underwriters^ 
upon the following transaction ? — ^£5000 was insured upon 
goods from New York to London, the goods being valued 
in the invoice, at £7200. In a storm, a part of this property 
valued at £1107 5s. was thrown overboard, and the remain- 
der was so much damaged, that it sold for only £5407 15s. 
6d., whereas if it had arrived safe, it would have sold 
for £6723 10s. ; besides which, the owner of the goods was 
obliged to contribute towards a general average, at the rate 
of 2.225 per cent, on the invoice value of the whole. 

Ans. £1025. 

92. Exported 45 hogsheads of sugar from New York to 
Amsterdam, weighing gross 454cwt. 2qr. 18 H)., tare 53 lb. 
per hhd., which were sold at 12} groats per lb., subject to a 
discount of 5 per cent. The original cost ,and charges in 
New York, were $2437.50, the amount of charges in Am- 
sterdam, 1149 florins 7 groats, and the agio of the bank of 
Holland .was 4} per cent. How much was gained or lost 
by the adventure, the net proceeds being remitted at the 
exchange of 40cts. per florin ? Ans. <f2638.19 gained. 

.93. How far can the top of Bunker Hill Monument, which 

is 282ft. above the level of .the sea, be seen from the deck of 

a vessel, the spectator's eye being 15ft. above the water ?* 

Ans, 25.3 miles. 

94. The average power of draft of a horse, moving 5 

^ The diatanee at which bodies may be seen, is found by the follow* 
ing rule :— 

To the earth's diameter (41815224 feet), add the height of the eye, 
and multiply the sum by the height of the eye. The square root of 
the product is the distance at which an object on the surface of the 
earth or water can be seen. 

Work in the same way with the height of the object, and the sum 
of the two results is the distance at which the object may be seen. 
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miles per hour for 8 hours a day, being 751b., what will be 
the annual cost of transportation o^r a road 40 miles 
long, on which the average friction is ^^ of the .weighty 
estimating the amount transported at 90000 tons, and the 
value of a hbrse's labor at 62^ cents a day ? 

Am, $67200. 

95. K the road, in the preceding example, could be 
improved by macadamizing or otherwise, so that the friction 
would be reduced to g^ of the weight, how much might 
profitably be expended in making the improvement, money 
being worth 6 per cent. ? Ans. $653333 1. 

96. The shadow cast by a Drummbnd light, at the dis- 
tance of 80 rods, was observed to be of the same intensity 
as that cast by the full moon, which was shining at the 
time. To how many such lights was the moon's light 
equivalent, her mean distance being 240000 miles ? 

Ans. 921600000000. 

97. Find the least 8 integers, such that | of the first, ^ 
of the second, and -^j^ of the third, shall be equal. 

Am. 140, 147, 150. 

98. For the purchase of a certain estate, A. offers $150 pre- 
mium, and $300 rent per annum ; B. offers $400 premium, 
and $250 per annum ; C. offers $650 premium, and $200 
per annum, and D. offers $1800 in ready money. Whose 
offer /is the best, and what is the difference between them, 
computing 5 per cent, compound interest ? 

Partial Am, A.^s offer is the best, 

99. Which is of the greater value, the income of an 
estate of $500 a year for 15 years to come, or the reversion 
of the same estate for ever, at the expiration of the 15 
years, interest at 6 per cent. ? 

Am, The income for 15 years. 

100. K a ball were put in motion by a force which 
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would drive it 12 miles the first hour, 10 miles the second, 
and so on in geometrical progression, what distance would 
it go in the whole ? Ans, 72 miles. 

101. What is the least number which, if divided by 2, 
will leave 1 remainder; by 3 will leave 2 ; by 4 will leave 
3 ; by 5 will leave 4 ; by 6 will leave 6 ; but by 7 will 
leave no remainder ? Am. 119. 

102. Eequired the least three numbers, which, divided 
by 20, will leave 19 remainder; if divided by 19 will leave 
18, and so on, (always leaving one less than the divisor), to 
unity. Am. 232792659; 465685119; 698377679. 

103. A trader offers to receive a young man as partner, 
proposing, if he will advance $500, to allow him $200 per 
annum; if he will advance $1000, to allow $275 per 
annum ; and if he advances $1500, he will allow $350 per 
annum. What per cent, is offered for the use of the 
money, and how much for the young man's time ? 

Ans^ 15 per cent. ; $125 per annum. 

104. A shepherd sold to one man, half his flock and 
half a sheep ; to a second, half the remainder and half a 
sheep ; and to a third, half the remainder and half a sheep, 
when he had 20 left. . How i)aany had he at first ? 

Ans. 167. 

105. The annual cost of transportation on a road 40 
miles long, being estimated at $30000 per mile, what 
amount of saving can be effected by expending $50000 to 
shorten the road 3 miles,' and $2000000 to reduce the fric- 
tion to i its present amount, the annual cost of repairs 
being the same in both cases, and the rate of interest being 
5} per cent. ? Ans. im77212f^. 

106. A city of 50000 inhabitants is to be supplied with 
water, from a river 300 feet below the proposed reservoir. 
Estimating the average daily consumption at 10 ale gallons 
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for each indiyidual, what must be the power of an engine 
working 12 hours a daj^ to raise the requisite supply ? 

Arts, 48.53 horse power. 

107. A commission sale of 60 bags of coffee was effected 
at Botterdam, at 22 stivers per lb., with an allowance of 
2 per cent., and of 1 per cent, on the remainder ; weight 
gro. 50cwt. Iqr. 111b., draft 1 per cent., tare 61b. per 
bag ; commission and guarantee, 3 per cent. ; other charges, 
269 florins 10 stivers. Required the net proceeds of the 
sale, a bill being remitted at the exchange of 39 cents per 
florin. Arts. $2003.58. 

108. Bought in Cadiz Cour chests of Peruvian bark, at 
25 rials of plate per lb., weighing gro. 6cwt. 3qr. 161b., 
tare 251b. per chest. The export duty was 150 rials vellon 
per quintal of 100 lb., and the amount of other charges was 
1210 rials of plate. What was the whole amount of the pur- 
chase? Ans. J1851.40. 

109. At a time when bills upon the treasury bore at 
Jamaica a premium of 7} per cent., and dollars a premium 
of 4 per cent., 14000 dollars were purchased and consigned 
to London, to be disposed of there ; they weighed 1010 lb. 
3oz. troy, and were sold to the Bank of England at 5s. 3d. 
per oz. The charges were, freight 1} per cent.; 14 bags, 
at 6d. each; weighing, 2s. 6d.; brokerage, i per cent.; 
commission, } per cent. ; and insurance on £3000, at 4 per 
cent. It is required to find the rate per cent, of the 
amount of the charges, estimated upon the cost of the dol* 
lars, exclusive of the premium, and to find what would have 
been gained or lost, if in preference to dollars, their actual 
cost had been laid out in government bills. 

Ans. Value of the dollars, £3182 5s. 9d. ; net pro- 
ceeds of the sales, £2994 3s. lid ; rate of the 
charges, 6| per cent.; gain by government 
bills, £84 9s. 8d. 
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110. " One eyening I chanced with a tinker to sit, 
Whose tongue ran a great deal too fast for his wit ; 
He^ talked of his art with abundance of mettle, 

So I asked him to make me a flat-bottomed kettle. 
Let the top and the bottom diameters be 
In j]^st such proportion as five is to three : 
Twelve inches the depth I proposed, and no more. 
And to hold in ale gallons seven less than a score. 
He promised to do it, and straight to work went. 
But when he had done it he found it too scant. 
He altered it then, but too big he had made it ; 
And when it held right, the diameters failed it. 
Thus making it often too big* and too little. 
The tinker at last had quite spoiled his kettle. 
But declared he would bring his said promise to pass, 
Or else that he'd spoil every ounce of his brass. 
Now to keep him from ruin, I pray find him out 
The diameters' length, for he'll ne'er do't without." 

Arts, 24.4in.; 14.64in. 

111. Two vessels are 30 miles apart, and are sailing, the 
first with, and the second against a current of 2\ miles per 
hour. In still water, each would sail 7 miles per hour. In 
what time will they meet, and what will be the distance of 
each from its present position ? 

112. At what time between half past 7 and 8 o'clock, 
are the hour and minute hands exactly 13 minutes apart ? 

Am. 52y\m. past 7. 

113. The annual loss in the United States, in consequence 
of intemperance, has been estimated at <f 108000000.' If 
this amount were saved, how much would be left after pur- 
chasing 4000000 sheep at J2.50, 400000 head of cattle at 
$25, 200000 cows at $20, 40000 horses at «100, 500000 
suits of men's clothes at J20, 1000000 suits of boys' clothes 



* Amer. Tsmp. Soc. Reportg. 
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at $10^ 500000 suits of womena' clothes at 910^ 1000000 
Quits of girls' clothes at IB, 1200000 bbl. flour at 95, 
800000 bbl. beef at 910, 800000 bbl. pork at 912.50, 
SOOOOOObu. com at 9.50, 2000000bu. potatoes at 9.25, 
100000001b. sugar at 9.10, 4000001b. rice at 5cts., 
2000000gal. molasses at 40cts., building 1000 churches at 
95000, 8000 school houses at 9500, and supporting 50000 
families at 9300 ? Am. 9180000. 

114. What is the difference between 10000 years according 
to our present calendar, and 10000 solar years, estimating 
the solar year at 365d. 5h. 48m. 49}sec. ?* 

Ans. 2d. 14h. 30m. 

115. In 1840, Prof. Bessel, from the corrected parallax 
of the star 61 Cygni, estimated its distance from the earth 
at 592200 times the mean distance of th£ sun. According 
to this estimate, how long would the star's light be in reach- 
ing us ? Ans, 3391dy. 9h. 13m. 45s. 

116. A micrometer screw is made with threads ^ of an 
inch apart, and an index is affixed to the head, which points 
to the degrees on a graduated circle. What thickness would 
be measured by turning the index 1® 15^^ ? 

117. A. and B. are carrying a weight of 150 lb., which 
is suspended on a pole, at the distance of 2ft. 6in. from A., 
and Ifb. 9in. from B. What amount does each one support ? 

Ans. A. 61 lb. 12y<y0z. ; B. 88 lb. 3}f oz. 

118. Archimedes boasted, that if he had a place to stand, 
he could move the world. If he weighed 150 lb., how far 
would he be obliged to move, in order to move the earth 1 
inch? [See Ex. 84.] 

Ans. 1423366990574938472.448 miles. 

119. At Bilin, in Germany, is a bed of tripoli, composed 

* Carpenter. 
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almost entirely of the sheaths of a kind of animalcule^ the 
length of each sheath heing abont ^-^js of an inch.* How 
many such sheaths would there be in a cubic inch ? 

Arts. 42875000000. 

120. A grain of copper dissolved in nitric acid^ and mixed 
with three pints of water, (wine measure,) gives a blue color 
to the whole. What is the weight of the quantity contained 
in jTjxj^^TjTj of a cubic inch, which is sufficiently large to 
be visible to the naked eye ?* 

121. In the manufacture of embroidery wire, a cylinder 
of silver, weighing 360oz., is covered with 2oz. of gold. 
This is drawn into wire, of which 4000ft. weigh loz. A 
foot of this wire may be divided into 1200 parts visible to 
the naked eye. What would be the weight of a particle 
of the gold upon this wire, that would be visible under a 
microscope magnifying 500 times each way? 

122. The squares of the times of revolutions of the 
planets around the sun, are proportioned to the cubes of 
their mean distances. The mean distance of the earth from 
the sun, is 95 million miles, and it revolves round the sun 
in 365d. 5h. 48m. 50s. What is the mean distance of 
Venus, her time of revolution being 224d. IGfh. ?•• 

Ans, 69 million miles, nearly. 

123. What do I gain per cent, by purchasing goods at 8 
months' credit, and selling them immediately for cash, at 
the same price, money being worth 6 per cent, per annum ? 

Ans, 3JI per cent. 

124. A. and B. enter into partnership, A. advancing 
$4800 to carry on the business. B. has no money, but 
being thoroughly acquainted with the trade, agrees to be 
manager. B.'s annual salary, before he engaged in the copart- 

*■ Carpenter. *> Nstbit. 
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nership^ was $250. By the terms of the contract^ A. is to 
be allowed 7 per cent, for the interest of his money and the 
risk of the business, and the net profits, after making this 
deduction, are to be divided in the proportion which 6 per 
cent, on A.'s capital bears to K/s former salary. The profits 
at the end of the year, amounted to $5000. How should 
they be divided? .Ans. A. «2832.71; B. $2167.29. 

' > 

125. What quantity of e&oh of the following ingredients, 
would be required to make a ton of flint glass, estimating 
the waste in melting at 2 per cent. ? White sand, 9 parts; 
red lead, or litharge, 6.5 parts ; pearlash with a little nitre, 
4.5 parts.' Ans. Sand 1028.6 lb. ; litharge 742.9 lb. ; 

pearlash 514.8 lb. 

126. The dust of the puff ball consists of seeds, which 
vary from 327JJ7JIJ to sc^jfji of an inch in diameter. How 
many seeds, of the average diameter of ^^^^ij^jin., would 
there be in 1} cubic inches ? Am. 234375000000000. 

127. Estimating the entire wealth of the world at 
$1407374888553.28, in what time would 1 cent absorb all 
the property on. the globe, if it were placed at compound 
interest, so a^ to double every 11 years ? 

Ans. 517 years. 

128. A merchant failing in business, offers to settle with 
his creditors by paying them 80 cents on a dollar in 6 
months, without interest, or to give security for the pay- 
ment of the whole in 4} years, without interest. Which 
proposal is the more advantageous, supposing that the com- 
position first proposed can be invested at 6 per cent, 
compound interest ? 

129. Bought flour for $3.50 per barrel, on 6 months. 
At what price must it be sold to gain 20 per cent., and allow 
8 months' credit, money being worth 8 per cent, per annum f 

Am. $4.11||. 

» Parnell. 
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130. A. has 70cwt. of sugar, which he would sell for 
97 per cwt. for cash, but in barter he values it at 118.50 per 
cwt. B. has wheat worth in ready monejr $1.12 per bu., 
which he wishes to exchange with A. A,t what price should 
it be valued in barter ? Ans. 91.36. 

131. Insured 150 hogsheads of sugar, valued at $125 per 
hogshead, from Jamaica to Boston, at 8 per cent., to return 
4 per cent, for convoy and arrival without loss. Of the 
quantity injured, 30hhds. were shipped on board a vessel 
that was totally lost, 64hhds. arrived safe by a vessel that 
sailed with convoy the whole of her voyage, 45hhds. 
arrived with convoy, but in consequence of a mast being 
cut away, and some goods being thrown overboard to lighten 
the vessel in a storm, the merchandise shipped was obliged 
to contribute to the loss, at the rate of 2 per cent, on its 
value, and the rest of the sugar was not shipped. Required 
the amount to be recovered from the underwriters, and the 
amount of return premium for short interest, and for convoy 
and arrival.* Aiu, Underwriters to pay 93862.50. 

B>etum premium, 9419.00. 

132. What is the product of 918.75 by 9.06i ? 

133. James Davis, of Waverly, Ross county, Ohio, culti* 
vated, in the year 1849, 1800 acres exclusively in Indian com. 
With the crop he filled a corn-crib 3 miles long, lOffc. high, 
and 6ft. wide.'' What was the average yield per acre, and 
how many bushels would the whole make, when shelled ? 

Ans, 422. 4bu. in the ear, per acre. 

396000bu., when shelled. 

J ■ ■■ ■ 

*■ The custom varies as to the amount of return premiutBt when part 
of the risk is avoided. Some companie9 reserve k per cent, on the 
amount insured ; some reserve 10 per cent, of the premium paid in ; 
on "open policies/* no premium is usually paid, except for the 
amount actually at risk. In the present instance, 10 per cent, of the 
premium paid on the molasses which was not shipped, is supposed to 
be reserved by the company. 

^ Cincinnati Gazette. 

24 
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134. BjaLsk, the reputed inyentor of the game of chess^ 
is said to have asked as a reward^ one gndn of wheat for 
the first square on the ohess-board, two for the second^ and 
so on in geometrical progression. What would have been 
the amount of his reward, there being 64 squares on the 
board^ and 9200 grains of wheat in a pint ? What would 
be the height of a cubical bin that would contain it, sup- 
posing the base to be 10 miles square ? 

Am. 18446744073709551615 grains; 

81329388712142.58 bushels; height of 
bin^ 2.65 miles. 

135. If the cost of a railroad is $40000 per mile^ and 
the annual repairs and expenses are estimated at $2500 per 
mile, how much may be profitably expended at the outset, 
in order to shorten the proposed route 2} miles, -provided 
the stock pays an annual dividend of 8 per cent. ? 

Ans, $178125. 

136. What is the weight of a round iron rod, 10 feet 
long, and 4 inches in diameter ? Am, 538 lb. 10}oz. 

137. A mule and an ass travelling together, the ass 
began to complain that her burthen was too heavy. "Lazy 
animal," said the mule, "you have little reason to com- 
plain; for if I take two of your bags, I shall have three 
times as many as you, but if I give you two of mine, we 
shall have only an equal number." With how many bags 
was each loaded? 

138. How would you distribute among 3 persons 21 
bags, 7 of which are full of com, 7 half full, and 7 empty, 
so as to give to each the same quantity of com and the 
same number of bags ? 

TMs question admits of two solutions. 

139. What is the 7ih root of 63 ? Ans. 1.80737+ . 

140. A farmer has a stack of hay, from which he sells a 
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quantity which is to the quantity remaining^ as 4 to 5. He 
then uses 15 loads, and finds that the quantity left is to 
the quantity sold, as 1 to 2. Bequired the number of loads 
at first in the stack. Ans, 45 loads. 

141. At what points would the numbering on Fahren* 
heit's and on Delisle's thermometer-scale be the same^ the 
only difference being in the sign ?* 

Am, -f96/y<>Fah.; — OG^yDel. 

142. If the temperature below 0^ on the Bussian scale 
is marked 4-, and the temperature above 0° is marked — ,^ 
at what points will the numbering be the same, on the 
Bussian and Centigrade scales ? Ans. 60^. 

143. The prime cost of 109cwt. 3qr. 18 lb. of sugar was 
$769,375; the freight, insurance, and other expenses, 
amounted to $92.31. What did it cost per cwt., and at 
what price must it be sold per lb. to gain 20 per cent., sup- 
posing 4 per cent, to be lost by overweight in retailing ? 

Ans. $7 per cwt, ; 8 Jets, per lb. 

144. A merchant receives an invoice of goods, which will 
probably sell for $16000, by which he will realize a profit 
of 33 J per cent, above the prime cost; but preferring to 
sacrifice a portion of his profit, rather than to risk the entire 
loss of the goods, he determines to insure them. The 
premium is 3} per cent., the policy $2.00, the agent's com- 
mission } per cent., and if there is any loss, the broker 
will charge 1 per cent, for procuring a settlement with the 
underwriters. What amount should the merchant insure, 

* The pupil should observe that Reaumur's and the Centigrade 
scales correspond only at 0", but all the other scales have the same 
numbering at two points of equal temperature, differing at one of the 
points only by the sign. 

^ The signs are sometimes applied in this way on the Russian scale, 
but the notation givdn on p. 197, appears more philosophical, on accoun^ 
of its uniformity. 
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in order to recover the prime cost of the goods, and all 
expenses attending the insurance^ in case of a total loss ? 

Ans. $12633.68. 

145. A trader wishes to sell his merchandise at whole* 
sale, so as to make a profit of 20 per cent., after deducting 
30°{o from the retail price. He therefore adds 50 per cent, 
to the cost of the articles in cash, and deducts 30 per cent, 
from the amount, for the wholesale price, allowing a credit 
of 8 months. Computing interest at 6 per cent, per annum, 
what is his actual loss on all sales at this rate, supposing 
that his expenses and bad debts amount to 15 per cent, 
of his total sales ? Ans. 14|U per cent. 

146. What percentage should have been added to the 
prime cost of the articles in the foregoing example, to yield 
a net profit of 10 per cent, after making the discount pro- 
posed? Ans. 92 j\2^ per cent. 

147. A merchant received on consignment three bales of 
sheeting, marked A., B., and C. A. contained 420 yards 
of a quality 15 per cent, better than B., B. contained 380 
yards of a quality 10 per cent, poorer than C, and C. con- 
tained 450 yards. The whole were sold together at 12} 
cents per yard ; how much should be credited to each, after 
deducting 2} per cent, commission? 

Ans. A. «53.98; B. «42.47; C. »55.89. 

148. An estate was offered for sale for Jtt2000, but the 
price appearing too high, the tenant took a lease for 25 years 
at $800 per annum. How much did he gain or lose, esti- 
mating compound interest at 6 per cent. ? 

Ans. J1022.67. 

149. K 32 oxen in 3 weeks consume all the grass on 
23 acres of pasture, and if 22 oxen in 5 weeks consume the 
grass on 25 acres, in what time will 88 oxen consume 115 
acres of similar pasturage, the grass growing uniformly ? 

Ans, 5.88 Weeks. 
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150. The steam power at present employed in Great 
Britain and Ireland, is estimated as equivalent to the power 
of 8000000 men.* If the power of a horse is 5 times as 
great as that of a man, and if a horse requires 8 times the 
quantity of soil for producing food that a human being 
does, what population could be supported by the additional 
food which would be required, if horse power were substi- 
tuted for steam ? Ans. 12800000. 

1.51. The hydraulic press of Bramah can, by the exertion of 
a single man, produce a pressure of 1600 atmospheres.*' 
Estimating the mean height of the mercury in the barometer 
at 29.53 inches, what would be the pressure exerted on a 
surface 2ft. 3in. long, and 1ft. 9in. wide ? 

Arts, 5502T. 5cwt. Iqr. 15 lb. 12oz. 

152. A species of lace is made by covering an inclined 
flat surface with a paste made of leaves, and drawing with 
a camel's hair pencil, the pattern which is to be left open. 
A number of caterpillars, of a species which spins a strong 
web, are then placed at the bottom, and they commence 
eating and spinning their way to the top, carefully avoiding 
every part touched by the oil, but devouring every other 
part of the paste.** How many square yards of the lace thus 
made, would there be in 1 lb. avoirdupois, the average 
weight being 4J grains troy per sq. yd. ? 

Arts. 1615y^5 sq.'yd. 

158. Estimating the weight of a globe of air 1ft. in 
diameter, at ^^^ lb. avoirdupois, and the weight of an equal 
globe of hydrogen, allowing for impurities, at J as much, 
what weight would be sustained by a balloon 18ft. in 
diameter, if fully inflated with hydrogen gas ? 

Ans. 194.41b. 

154. Having observed that the shadow of a cloud is 15 
seconds in passing from one point to another, I measure 

^ Chtmbers* Mechanics. ^ Babbage. 
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the distance between the two points, and find that it is 31 1 
rods. What is the velocity of the wind per hour ? 

Ans. 23m. 200r. 

155. A., B. and C. have a loaf of sugar, weighing 48 lb., 
which they wish to divide equally between them, but having 
only a 4 lb. weight and a 7 lb. weight, it is required to find 
how the division can be made. 

156. A hundred hurdles may be so placed, as to enclose 
200 sheep, and with 2 more the fold may be so made as 
to hold 400. How can this be done ? 

157. The animalcules of iron ochre, are about y^Jiyu of 
an inch in diameter. How many such animalcules would 
occupy 1 c. ft. ? Ans. 2985984000000000. 

158. An ounce of gold forms a cube about y^j of an inch 
thick, but by hammering, it may be extended so as to cover 
a surface of 146 sq. ft. How many leaves formed in this 
manner, would equal in thickness a leaf of writing paper 
■jj^ of an inch thick ? Ans, 1938. 

159. Bought wheat for cash, at $.90, at $.95, and at 
$1.10 per bushel. In what proportions may the three kinds 
be mixed, so as to gain 20 per cent, by selling at $1.25 per 
bushel,, on 6 months' credit, money being worth 7 per cent, 
per annum? Ans, 11.62bu. at $.90; 

11.62bu. at $.95; 20.13bu. at $1.10. 

160. A farmer has paid in cash $4000 for the lease of a 
farm for 8 years. If money is worth 5 per cent, compound 
interest, what income ought he to receive from the farm each 
year, in order to recover his outlay, and lay up $200 a year, 
his family expenses being $350 ? Ans, $1168.89. 

161. A family of 10 persons hired a house for 6 months, 
at a rent of $780 per annum. At the expiration of 14 
weeks they received 4 new boarders, and at the expiration 
of every 3 weeks, during the remainder of the term, they 
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received 4 more. How much of the rent should be paid 
bj one of each class ? Ans. 1st class $80.49y J^y ; 

2d class <9.49y{iy ; 8d class 86.27^^% ; 4th class 

»3.77yVg ; 5th class «1.73y^j. 

162. Estimate of the cost of mannfactoring pins, ^^ Ele- 
vens," oi which 5646 weigh 1 lb. :• — 



XAia OF THB PKOCXSI. 



1. Drawing wire 

3. Straightening wire < 

3. Pointing 

4. Twisting and cutting ( 

the heads \ 

5. Heading 

6. Tinning, or Whitening., j 

7. Papering 



Hands. 



Time of 

mikijijsllb 

of pun. 



Man 

Woman 

Girl 

Man 

Boy 

Man 

Woman 

Man 

Woman 

Woman 



CnrtofnU' 
kinf lUv 
of pim. 



Sow$. 

.3000 
.3000 
.3000 
.0400 
.0400 

4.0000 
.1071 
.1071 

2.1314 



Pmee. 

1.2500 
.2840 
.1420 

1.7750 
.0147 
.2103 

5.0000 
.6660 
.3333 

3.1973 



Haadcuvi 
per day, 



*. d. 

3 3 

1 

6 

5 3 

4i 

5 Ak 

1 3 

6 
3 
1 6 



» o >« 

111 I 



225 
51 
26 

319 

3 

38 

901 

121 
60 

576 



Estimating the premium on sterling money at 9^ per 
cent., what is the cost of each pin, in our currency ? At 
what price should the pins bo sold per ounce, after paying 
15 per cent, profit to the manufacturer, 30 per cent, ad 
valorem for duties, 18 per cent, to the American importer, 
and 25 per cent, to the retailer, allowing 10 per cent, of 
the retail price for loss of interest ? 

Ans, ^ilimiji of a cent; 3.9837+ cents. 

163. K a powerful Drummond light, at the distance of 
30 feet, casts a shadow of the same intensity as that cast 
by the sun, to how many such lights is the sun's light 
equivalent, estimating the distance of the sun at 95 million 
miles? Am. 279558400000000000000. 

164. It has been supposed that 10 turns of Babbage's 
calculating machine may be made in a minute/ At this 
rate, how many places of figures would the machine reach 
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in a million centuries, supposing it to be so regulated as to 
commence with 1^ and give all the following numbers in 
their natural order ? An$, 15 places. 

165. It has been estimated^ that a man in a properlj 
ventilated room can work 12 hours a day, with no greater 
inconvenience than would be occasioned by 10 hours' work 
in a room badly ventilated, and that where there is proper 
ventilation, a man may gain 10 years' good labor on account 
of unimpaired health. According to this estimate, what is 
the loss, in 30 years, to each individual in a badly venti- 
lated workshop, valuing the labor at 10 cents per hour? 

Ans. J5008. 

166. In the town of Bury, England, with an estimated 
population of 25000, the expenditure for beer and spirits, 
in the year 1836, was estimated at £54190.* If this sum 
was 24 per cent, of the entire loss, resulting from the waste 
of money, ill health, loss of labor, and the other evils 
attendant upon intoxication, what was the average loss 
from intemperance, for each man, woman, and child, In the 
place, estimating the pound sterling at $4.80? 

Mis. $43,352. 

111. Table op P&ime and Composite Numbers. 

The following table contains all the prime numbers, and 
the factors of all odd composite numbers, below 12700, the 
{Hrime numbers being indicated by a dash. 

For numbers below 1000, all the factors are given. For the 
odd numbers above 1000,' one or more factors will be found 
in the table, which will reduce each number to a prime, or 
to some number less than 1000, and under the latter num- 
ber the remaining factors may be found. 

The hundreds are placed at the head of the table, and 
the tens and units at the left hand. 



British Sanitary Reports. 



Jill.] TABLE OF FEtUE A 



878 



MISCELLANEOUS PROBLEMS. [ART. XXIH. 



501 

^1 

52 

53 

54 

55 
56 
57 

5c< 
59 

60 
61 
68 
63 
64 

65 
66 
67 

68 
60 



701 
71 
72 
73 

74 

75 

76 

77 

7P 
7.-* 

-K) 
-"l 

rt2 
H3 

84 

85 
86 
87 
88 
89 



2.5* 

3.17 

2».13 

2.3« 



5.11 
2».7 
3.19 
2.29 



t«.3.5 

2.31 

3».7| 
2« 



5.13 
2^3.11 

2«.17 
a23 



2.5.7 

2».3« 

2.37 



3.5« 
2«.l!) 
7.11 
2.3.131 




2«.3.7 




2^3.5* 

2».1» 

3«.17 

2.7.11 



5.31 
2*^.13 

2.79 
3^ 



21.5 
7.23 
2.3« 

2«.41 



3.5.11 
S.83 

2».3.7 
13> 



2.5.17 
3«.19 
2«.43 

2.3J29 



5«.7 

2*.ll 

3.59 

2.89 



2«.3«5 

2.7.13 
3.61 

2«.23| 



5.37 

2.3.31 

11.17 

2«.47 

3».7 



2.3«.5 
7.13 

24.23 
3.31 
2.47 



5.19 
21.3 

2.7« 
3*.ll 




3.5.13 

2«.7« 

2.3«.ll 



2 



2.5« 



2«.7.9 
11.23 
2.127 



3.5.1 
2 



I 



2.3.43 
7.37 



2a.5.13 
3«.29 
S.131 

2»A11 



5.53 

2.7.19 

3.89 

2«.67 



2.3«.5 

2«.17 
3.7.13 
2.137 



5«.ll 
2«.3.23 

2.139 
3«.31 



2^5.7 
2.3.47 



2«.71 



3.5.19 

2.11.13 

7.41 

2».3« 

17« 



2.5.29 

3.97 

2«.73 

2.3.7« 



5.59 
2».37 
3».ll 
2.149 
13.23 



2.5«.7 
31.13 
21.11 



2.3.59 



5.71 

2».89 

3.7.17 

2.179 



2>.3>.5 

19* 

3.181 

3.11S 

2«.7.13 



5.73 
2.3.61 

2*.23 
3«.41 



2.5.37 

7.53 

24.3.31 

2.11.171 



3.5* 

2«.47 

13.29 

2.3».7 



24.519 
3.127 
2.191 

2'.3 



5.7.11 
2.193 
34.43 
24.07 



2.3.5.13 
17.23 
2«.74 
3.131 
2.197 



5.79 

24.34.11 

3.199 
3.7.19 



3.34.54 
11.41 

84.113 
3.151 

2.2271 



5.7.13 
24.3.19 

2.229 
3«.17 



24JS.83 

3.3.7.11 

3«.39 



3.5.31 
3.333 



34.34.13 
7.67 



8.5.47 
3.157 
3S.59 
11.43 

3.3.79 



54.19 

34.7.17 

34.53 

3.239 



2».3.5 
13.37 
2.241 

3.7.23 

24.114 



5.97 
2.3> 



2«.61 
3.163 



~5"n 8" 



3.54.11 

/ 19.29 

34.3.23 

7.70 

3.277 



3.54.13 
3.7.31 
34.163 

3.3.109 



3.5.37, 
34.139; 

3.34.31! 
13.43 



5.131 

3«.41 

34.73 

3.7.47 



S.3.5S 



3«.47i 

3251 

3.13J29 



8.54.17 

23.37 

34.3.71 

3.7.61 



3.54.M 

3.317 

S«.7.1T 

3.34.53 



5.151 
34.3».7, 



345.I9J 
2«.107 



8«.5.7 34.3.5.11 
3.11.17 



3.381 



34.3.47 



5.113 

3.283 

3*.7 

34.71 



3.331 

3.13.17 

3«.83 



3.3.5.19 

34.11.13 

3.191 

3.7.41 



54.23 
34.34 



5.7.19 
S.34.37 

33.39 
34.167 

3.223 



2.5.67 

11.61 

2».3.7 

2.337 



2.174 
3.193 



24.529 

7.83 

2.3.97 

11.53 

2».73 



34.54 

24.134 

2.3.113 

7.97 



2.5.7« 



24.3,41 

17.29 

2.13.19 



34.5.11 

2*.31 

7.71 

2.3.83 



34.5.13 
2.293 

24.3.74 
19.31 



2.5.59 
3.197 
2*.37 

2.34.11 



5.7.17 
24.149 

3.199 
2.13.23 



24.5.17 

3.227 

2.11.31 

24.34.19 



5.137 
3.7» 
3.229 
2*.43 
13.53 



2.a5.23 

24.173 

34.7.11 

2.347 



5.139 
2».3.29 
17.41 
2.349 
3.233 



2.3792.3.11.13 
3.11.23 



24JS.19 

3.3.127 

7.109 

34.191 



5.191 

24.239 

3.11.2M 

2.47« 
7.137 



34.5.17 

8.383 

13.59 

2«.3 



3.5.7.11 

3.257 

24.193 

3.34.43 



54.31 
34.97 
3.7.37 
3.389 
19.41 



24.3.5.13 

11.71 

3.17.23 

3s 29 

2«.7434.13.17| 



24.5.43 24.3.5 
3.7.41 31S 
2.431 2.13.: 

I 34.1( 

3».3». 24i241| 



5.173 5.1 
2.4332,3.7 
3.174 
24.7.31 



11.79 



2.3.5.29 

13.67 

2«.l09 

34.97 

3.19.23 

5».7 
24.3.73 

2.439 
3.293 



2*.5.11 



2.34.74 



5.157 
3.3.131 

24.197 
3.263 



2.5.79 
7.113 

24.34.11 

1361 
2.397 



3.5.53 
24.199 

2.3.7.19 
17.47 



3.5.59 
3.443 



3« 

7.1271 



2.5.89 
3«.ll 

34.223 

19.47 

2.3.149 



5M79 

2'.7 

3.13.23 

2.449 

29.31 



2«.114| 

3.17.191 



2,5.97 

24.34 

7.139 

2.487* 

3.54.13 
2*.61 

2.3.163 
11.89 

24.5.74 

34.109 

2,491! 

2».a4i 



5.1971 

3.17.39 

3.7.47 

3.37124.13.19 

33.13 



234.5.11 

3>.31 

3.331 

3,7.71 



5.199 
34.3.83 

3.499 
34.37 
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10 


11 


13 


13 


14 


15 


16 


17 


!l8 


19 


30 


31 


33 


23 34 


25 


26 


27 


38 


29 


01 


7 


3 


^ 


^ 


3 


19 


_ 


3 


_ 


«. 


3 


11 


31 


3 7* 


41 


3 


37 


^ 


3 


03 


17 


— 


3 


_. 


23 


3 


7 


13 


3 


11 


. 


3 


_ 


7 


3 


— 


19 


3 


— 




05 


3 


5 


5 


3 


5 


5 


3 


5 


5 


3 


5 


5 


3 


5 


5 


3 


5 


5 


3 


5 


07 


19 


3 


17 


. 


3 


11 


M> 


3 


13 


- 


3 


7 


_ 


3 


39 


23 


3 


— 


7 


3 


09 
11 


- 


- 


3 
7 


7 
3 


17 


3 


- 


— 


3 


23 
3 


7 


3 


47« 
3 




3 


13 


- 


3 
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- 


3 


11 


3 


29 


_ 


^ 


^ 


3 


7 
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3 
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17 


- 
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19 


7 


3 


— 


29 


3 
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5 
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5 


5 


3 


5 


i 
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11 
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19 
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3 


23 
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3 
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3 
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17 


19 
17 
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13 


7 
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11 


41 
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11 
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- 


». 


21 


19 


3 


^ 


3 


43 
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3 
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